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MATfiEMM'rdS  i^ctludicd  dth^erbygendemea 
oiF  birth  and  foftonc,  as  a  ncceflary  piart  of  gen- 
teel'cdacadqn,  b'rby  ifhdfelii  the'ffiiddlefai^^^  in 
ordfef  to  *  qtfaBfy"  them  *£br  xhe  employments  or  profcf- 
(^  £008  which  they  intend  to  follow.  >.\ 
^    The  wcw^bf  ;jthcfe"ttaifei-arfc  as  diffef^ni;  as  their  fta- 
^tioijs.. .  The]gehtleman,'by  ftndying  a  fyftem  of  theory^ 
aid  fnch  6f  ^its^Upi^citions  as  are  necefTary  in  his  other 
f^ftttdies,  may' have  ail  his  en48  adfwered.     Biit  the  fol- 
"ifdieri  Tailor,  engineer,' far vcyor,  'and  toafl 'of  bufincfs, 
cannot  follow  his  profcffion  rationally,  without  being 
expert  in  moftparts  of  praftlcalmathematicsr '.' 

That  thisrclafs^may  obtain  their  end  in  the  moft  ef* 
fe6lual  manner,  it  is  nec^flTary  to  throw  the  feVeral  parts 
to  te  learned  into  tlie  (horteft  form,  v  It  is  a  great  en- 
couragement t'o  proceed,  when  the  end  of  tlic  ta(k  is  in 
Yicw  5  nor  i^  any  thing  more  difcouraging'  to  a  begiuner, 

than  to  be  told,,  that  the  fcience  he  is  aboeit  to  learn  iUls 

'I  '11 

cnii^y  volumes;  -  The'  apparent  length  of  thV  labour  fets 
proficieoty '^c  fo 'gfeat  a  diftance^v:  that  half ..  a  lifetime 
iceitns  too  little  to  addfitft  it ;  arid,  if  the  tiatural  dcfirc 
o^f  kho>tf«^ledge^bcmpc  in  the  btid  by  fuch  an' idea,  it  will 
bcMiflSfctlltfcafterward^tomakc  any, one  apply  diligently 
to  the  ftidj/  . 

Butitisnot  enongh  to  learn  the  ftveral  parts  of  prac- 
tical mathematics  at  fcbool  \  tl)ey  muft.  be  remembered, 
or.kept^  io  view  by.ibme  means  or  other^  that  the  fto- 

dent 
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deat  may  be  always  prepared  to  perform  fais  part  witS^^ 
propriety. 

The  foUowiBg  Syoopfis  isxonigpiM^^pith  tjre  ddigd  o£ 
aofwering  both  niefe^ends/^  As^a  fcKool»Sibok»  it  wilt 
kflea  the  labour  of  teaching,  and  (hortea  the  time  of 
learnipg.  ,As .  ^ ; ^ci?i^rand^^^  tbe«  yoqog-  #w^j[»i 
Tvill  find  here  manj^  ufeful  rjdes^  jle!liy/?rif4;^  fn^^pl^ 
and  eaCy  terms^  t|i.jit,^c^n9J  ,mj^fl^ 
and  e^en  the  mo  A  learned  will  find  ibme  affiftairce  to  hts' 

memory.     ^  ,  j ..    .v  |.  .  ,,y  ,.,. ,  i^xnn-  u:o.. 

,    I  have  revlfed  a^v)  cornt^ed  the  t^bl«$  of  Jogaiithms,.. 
aiid  of  logarithmic  fines  {^n4  ^ageat$  vr}^  at^ention^^^ajoK} 
hope  thi?y  afc  .HK>re  correiik  Uup,  Ai^y.  iiq^ll^  taJJ^^.  forr 
m»rly  pnbiiOtedi^and^  Mthoy^h  priiite^  in  thje  mo|l  coa- 
ciie  formal  will  anfwer  every  go^ofe  as  weUas  Sherwi&'s  • 
tables^    _  .    .  .,,.,,, 

In  feftion  3,  I  h^ve  epdea^ypured  tp  (ho.W»  th^  m^tk^ 
problems  in  the  menfuration  of,  heights  aQd,dU]i^B;ces, 
and  fm-veying  pf  land,  majr  be  performed, accurat^Jj; 
enough  by  ^a  right  application  of  linpal  mi^afurjes^/ach  a$ 
the  fur^eying  chaio^aod  pol^sj^and  therefi^re  JLo^ru 
for  meafijripg  auglcs,  are  not^  fo  very  neceflary  as  Ijaf  ^ 
been  conmj^nly  fuppofed. ,  ,     ,.,.. 

The  favourable  reception  wh^H  the  public  h2^s  given  ^ 
to.  thf^  former  editio0s».has  pcoj^g^  the.Axithar  to^ 
make  this  Fourth  Edition  (IQl  mo^|:,cpmpI^ltha^  eith.qp 
of  them,  by.  feveral  ufeful.  jddkjoMjaterfpcri^.igj't^ 
different  fefHons ;  and  it  is  hoped>«tbat  th^bo^k^ang^ur 
a  very  good  claim  to  its  title,  and  willbe  ufeful  tOi^lftjUr- 
dents,  who  defire  to  become  e^crt  in  Fc^iSliical  M^e- 
matics* 
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'  -X^  V~T  R"T  I  «^-E-1»  If  KTT:: 

BOOKS-wntOr  by  th«  ^oae  ^thor,  fol4  by 
J.  Fairbairn^  and  other  Bookiellers. 

1.  Institutes  £/*  Arithmetic,  for  the  ufeof 
Schools  and  Academies:  the  third  edition^^Price  2s«   ' 

2.  Practical"  Astrdmo«^)  coktsdimg  'atftrbiKV 
fltical  Tables  of  .the  SaD».  Mood»  and  Primary  Plaaet^, 
according  to  the  lateft  difcoyeries ;  and  aUb  many  Auxi- 
liary Tables  tScftxl  in  that  Science/  trith  DtrlBdions  fcr 
«fing-them,-ia  th^/ptiidoi|.of  jpeany^Prindpal  ProUems 
in  Afironomy ;  among  which  are  the  Predidion  and  Cal* 
eolation  of  Eclipfes. — 0£lavo,  Price  6s«    '      •  -^^  \.   - 

' '   CkARACTER  ofltiis  Bddk  tifheMa^tntr  - 
'       *    •  Reshew. 

,  '*  TWsrWorkis  notofFered  to  the  Public  as  a.  com- 
*•  plctc  treatile.  Its  objeft  is  to  afford  cafy  accefi  to  the 
"  ftudy  of  Aftronomy ;  and  to  enabFe  fucb  jStudents  to 
^^'foive  its  Problems,  who  are  acquaint(^  merely  wi^ 
•^-  Arithmetic,  the  Circles  of  the  Sphere  and  Logarltl^ms  ;, 
*'  —for  fuch  a  purpofe,  the  publication  is  well .defrgaed 
*•  »and  preperly^-execuced."     -. 

It  may  be  added,  that  the  Book  was  intended  to  affiflr 
thofe  who  ftudy  by  themfelves,  and  the  Tables  will  be 
equally  ufeful  to  Stodettts  in  geaeraL   . 
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OEOMETRIGAL    PROBLEMS. 


>   ^ 


DEFINITIONS. 


«•  A  :Plaiw  tagle  is  tit  ifkliotdon  of  two  right  Tio«« 
JbJL  to  each  otfaer^  'which  meettdg  do  not  lie  id  ooc 
ibtight  fine. 

X  An  asgie  is  ^xprefled  by  three  letters,  of  wluch  the 
iefter  at  the  angnfaur  point  nmft  be  in  the  middie  Thus, 
the  angle  at  the  point  B  is  tailed  the  angle  ABC,  or 
<CBA«    Fig.  I* 

3 .  Ivdty  plain  angle  Is  meafured  by  the  arch  of  a 
iovdt  defbribed  about  ihe  angular  point  as  a  center : 
•Tbus^  the  Bieafiire  of  the  angle  ABC  is  the  arch  «rl' 

4.  Angles  are  ecpial  to  each*  other,  wheQ  the  arches 
^bich  meafiire.  them  are  equals  the  radius  bdngthe 
iame  in  both,  that  ia,  when  both  the  arches  ace  dcfcribed 
fwith  the  fame  extent  of  the^ompalles. 

» 

Probe  EM  i;  JTiti  a  given  right  fitje  AB,  and  at  m 
;givin  point  A  in  it^^to  make  an  angle  equal  So  a  given  plain 
^ngleBtt.    Fig.  2. 

About  the  center  £,  with  any  radi«s  TLn^  defcrihe  the 
.arcm«;  and,  about  the  center  A,  wuh  the  fame  jradius 
J^9  deicribe  the  arc^  /  in  v^hich,  tike /&  ^gda)  to  mn^ 
.and  through  A  ?LtAh  draw  iiie  ftraight  line  AC :  The 
.angle  B AC  is  eqitalto  the  given  angle  D£f . 

4A  0£FW« 
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Defin«  5.  ParaVd  r'^ht  tiae$  Kre  every  where  equi« 
diAaat  from  each  other}  or  which,  being  iofiaitely  pro* 
duced  both  ways,  would  never  meet. 

,'  PftOB^  a.  'Through  a givffip^Mt  Afito  draw  a  right 
line  parallel  U  a  given  right  line  BC.     Fig*  3. 

Set  one  foot  of  the  compafles  in  the  point  A,  and 
whh  the  other,  find^the  moareft-diftajiceof  BC,  by  de- 
fcribing  the  arc  /t;  then  take  any  point  e  in  the  line 
BC,  and  about  tl^c  center  ey  with  the  fame  radius,  dc- 
fcribethe  arc  m^tthvoiigh;  Aiaad-yn  draw  the  right  line 
JO  AE,  which  nnttll  be  parallel  ta  BG.  >;  ^ 

Defjn.  6.  'When  one  right  line,  ftanding  oq  ano- 
'  ther,  makes  tjti€  angles  dn  eadi  fidp  of  it  equal  between 
,  thcmfelvcsj.Micfe  angles  areright opes j.  and  the £rft  line 
'.is  perpendicular  to  the  other.  .  .    ^ 

• 

Noie'-4bi  fomeof  the  following .  problems,,  the  poiat 
where  two  arches  cut.each  other,  is  called  a  fe6lion. 

FaaB.'S-.  -ITo  MfeSl  a  given  right  line  AQ^y  anctiir 
r  CJ9  mtting  it  at  right  angles.   .  Figr-4*  • 

With  any  radius  ^greater  than  half  of  AB,; from  the 
'points  A  and'B,  make  the  fe<flions'Cand  D  ;  and  draw 
the  line  CD,  which  will  bifeft  AB  at  right  angles  in  fi.  ' 

.  CoR.  1,  The  four  angles  about  the.  point. E  are  all 
i  right  angles.  .  .    . 

2".  By  this  problem  a  given  circle  is  quartered,  and 
from,  the  mid^Je  efany  right,  line  .another  is.  drawn, per- 

;pendicuUrtQ'it. 

...'..'.  •    •  ,  *  .•  . 

'VtL^M^'4'Frcim:a^paifft'Aina  given  right  line  BC, 
f^idfvm  another  line  perpendicular  to  it*     Fig.  5.  . 

iCake  AEcgualtoAB;  and  from  the  points  B  and  ?* 

with 
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with  any  raditts.  greater  thaa  AB^  make  the  fcftloQ  D ; 
^awDA>  which  will  be  perpendiciilar  to  BC. 

r 

Prob*  jf.  Ti9  male.aright  angie  :  9r^from  the  end  A  ^• 
of  a  givdn  right  line  AB,  to  rMfe^afeifpendicularn  Fig*  €• 

Take  the  point  C  nearer  to  A  than  to  B ;  about  the^ 
center  C  with  the radidsCAf  dcfcribe  the  circte  EAD 5  . 
through  the  points  E-ttod  G  draw  the  Jine  £D  \  and  join  1. 
DAj  which  will  be  .perpendicular  to  AB  ^.^md  BAD  .is  a  ^ 
riilht  angle.. . 

,  Othcrwift,  jF/f ;  7. 

About  the  center  A^  with  any  radius  AE,  defcribe  the.: 
ate  E;vf»  'y  iet  the  fame  radius  from  ^  to.n  and  from  n  to  « 
m\  from  th6 points  /f  and  m  make  the  fedlion  D ;  and .: 
join  AD;  which  will  be  the  perpeudicular  re(yiired  to  < 
be  drawn  %  and  BAD  is  a  right  angle. 

Pk  o  B.  6.    From  a  given  point  A$  to  let  Jail  m  perpfn-^ 
dicular  upon  a  gmen  infiijiitejiraight  line  BC.     Fig*  8. 

About  the  |^^en  point  A  deicribe  a  circle  cutdng  BC . 
in .  £  and  *F.^  from  the  points  £  .and  F  make  the  feAion . » 
n ;  and  draw  the  line  AD  from  A  towards  n ;  and  AD  ^ 
is  the  perpendicular,  required. 

D.£FiN.  7.    A.plain  triangle  is  a  figure  ^ontainisd  by 
thfec  ftifaight  liiies.v . 

Prob.  7.;  To  mate  a  triangle^whofeJidesJljalLbc. equal  / 
to  three  given  right  lines  AB,  "QOyund  CA  \  (any  two  of.^ " 
thefe  being  greater  than  the  third* .  Fig*  9. . 

Draw  the  Araight  line  AB^of. the  given  length f  and/! 
from  B»  with  a  radius  equal. to  BC>  defcribe  an  arc  1^, 
and  from  A^  with  a  radius  equal  to  AC,  defcribe  another  c 

A  a .  -  arc.": 


^ 
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afc  cuttiog  the  foriher  id  jC  ;  j^a  AC^.CB  ;  an<|  ABC 
is  the  triangle reqiured.  ....'. 

Note  I  •   If  the  gtyea  lines  are  att  equal  to  one  aoo* 
ther»  the  triangle  fiiall  be  equrlateraH. 
•  2.   If  two  of  tbe  giveo  lines  be  equals  the  triangle 
fluH  be  ifoTceles* 

3.  If  the  given  lines  are  unequal,  the  triangle  (ball  be 
fcalepe*  The  fame  operation  fenres  for  making  every 
kibd. 

Defin.  8.  A  fi][nare  is  a  quadrilateral  figure  whofe 
iides.are  equal,  and  its  angles  all  right  ones» 

9.  A  reftangle  is  a  quadrilateral  figure,  whofe  oppo- 
£te  fides  are  equal,  and  its  angles  all  right  ones.  It  is 
fald  to  be  contained  under  two  lines^.  namely,  the  length- 
ah  J  breadth. 


*  ( 


Prob.  8.     7q  'male  a  Jquare  an  any  given  right  line- 
AB.    Fig.  10. 

Make  the  right  angle  BAD ;  take  AD  equal  to  AB  v 
and  from  the  points  D  and  B,.with^a  radius  equal  to 
AB,  make  the  feftioa  C  5  joia  DC  and  BC,  and  ABCI> 
is  a  fquare* 


Pr©b.  9^  To  male  a  reBangle  of  tnvo  given  righi^ 
lines  AB  and  BG.     -Fig-.  11. 

Make  the  right  angle  ABC  y  take  AB  and  BC  of  the 
given  lengths  ;  from  A,  with  a  radius  equal  to  BC,  de- 
fcribe  .an  arc  ;  and  from  C,  with  a  radius  eqhal  to  AB^ 
defcribc  another  arc  cutting  the  former  in  D  ;  join  AD 
and  DC ;  and  ABCD  is  the  rectangle,  required* 

Pro0> 
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Tlt^B*  ip*<  To  ^iJi  a  ghin  right  Jlned  angle  AfC* 

Aboat  the  aogdar  pcnat  B^.  >vitb  any  radius  Bdi  dt^ ' 
Ibibe  rise  arc  ift ;  ahdirom  tlte  points  if  and  ^  make  the 
feaion  F^  join  BP,  and  the.an^e  ABG  is  bifeaed  by 
the  right  line  BF^ 

¥f:B.  If  the  angles  ABF  and  GBF  are  Kftacdi^the 
^ven  angle  will  be  divided^into  fonr  eqtial  parts;  zxaSt 
each  of  thefe  being  s^ain  biTedted^it  will  be  divided  into^ 
eight  etjnal  parts;  and  thus  the  Ufe^ion  xsaj  be  carried 
a  I  far  as  yon  pleaie:  But  an  arch  or  angle  cannot'^be  dl-^^ 
Tided  into  three,  five,  or  -feven  eqnal  parts,  by  £ucli(fs> 
gropolldons.    This  isto  be.  done  by  trials^ 


0B  froportion: 

Depin.  xo.  "Vyhenv  we  compare  any  quantity  >vitK: 
another  of  the  iame  kind^  in  order  to  eftini^e  the  naag-- 
i|itude  of  the  one  in  r^fpeft  of  the  other  y  the  compari<» 
fbn  is  made>  either  by  confideriog  what  part  or  parts 
the  one  is  of  the  other,  or  how  oft  the  one  contains  the 

other. 

> 

II.  The  quantity  compared  is  called  t)ie  antecedent,. 
sind  die  quantity  to  which  it  is  (;ompared  is  cabled  the 
confequent. 

,  12.  The  ratio  of  any  two  qpantities  is  the  number  ex<- 
prefltng  whax  part  or  parts  the  antecedent  is  of  the  con* 
jequ^nt,  or  how  ofteo  the  antecedent  contains  the  con^- 
fequent.  Thus,,  if  any  quantity  A  ig^  compared  to  ano- 
ther  B,  the  ratio  is  ^*  The  ratio  of  6  to  12  is  4t:%  and 
of  4  to  &  is  ^<^ 

13.  When 
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i3«  When  the  ratia  between  afiy  two.  qpamitieris 
oqnal  to  the  rado  betweea-smy  other  tw«^  cbefe  quaatitiesn 
are  propocdoaal. . 

14.  Iq  three  quaathiesy  A,  fi,  C  ^<  if  the  ratio  of  A  ta^ 
E-be  equal  to  the  rado  of  B  to  C^.thefe  three  quantities 
are  proportional ;  exprefled  thus^  As  A/isao  B,  fb  is  B 
to  C)  or.  A-^  B:  :BtQ-    Here  A  and  C  are  called  the  ex- 
treme terms,  and. B. is  a. mean  propordonal  between  A. 
and  C.    Alio  ^  b  a  third  proportional  to  A  and  Bl 

i5«.  In.  four. quantities  A^  B^£»  £) »  if  the  ratio  of  A. 
to  B  be  equal  to  the  ratio  of  C  to.D,.th£  four  quantities . 
are  proportional;  or  A:B:  :C.:D, 

Here  A  and  D  are  .the  two  extreme  teimsj,  and  B  and, 
C  are  the  means;  alio  D is.  a.. fourth  proportional  t#  % 
A,P,P.^ 

Examples  in  Numbers  •. 

1.  K  the  numbers  4,  6,  91  the  ratidof  4  to  6  is  equal  ? 
to  the  ratio  of  6  to  9 ;  thitis;  4=7 » therefore  4 : 6 : :  6: 5;,  -. 
and  6  is  a  mean  proportional  bttweeQ^4  and  9^  alfb  9  is^ 
a  third  proporti6naKto-4  and  6;-. 

2ir  In  the  numbers-,  16,  32,-  i2,-24,th^ ratio  of  16  to" 
32  is  equal  to  the  ratio  of  1 2  to  24  ;  that  is,  y4=^T7  T 
therefore  116  '  32  *  *.  12  w  24.    Here  the  firft  and  third 
terms,  viz;  16  and  i2r are;  antecedents-,  and  the  fecond' 
and  fourth  terms,  32  and  24,  are  confcquents. 

In  four  proportional  numbers,  the  produft  of  the  two 
extremes  is-  equal  to  th6  produft  of  -the  two  means;- 
JSucL  B: 6  prop.  i6.;~  thu«j  if  !€  '•  3^  •  I^  12  5  24,.  then 
16X24=32X12  =  384. 

"When  four  quantities -^re 'proportional^  feveral  varia- 
tions may  be  made  in  their  order  and  magnitude,  which 

geometers 
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^[{Someters  tali  AUtmatioti^  Invtrfion^  Compofiiianj  XR^ 
Jiofif  and  Converfion*  . .      .....      ... 

16.  Alternate  proportion  is  the  comparing  of  the  an- 
tededent  iKfitK  tlie  an'tecedenty  and  the  con&quent  with  the 
«^coiife<5UCttt.  '....;.*•. 

jBafflw.* Supped  four  proportion^  quantWes  arc  rcpro- 
"ftnted  by  the  proportional  nnmbcrs  18:6:  :'2t-:7,  thcfe 
vill  be  alternately  proportional,  viz.as  i8:ii:;-6:7.  -^ 

17.  Inverie  prQpordon  is^hen  the  confeqnentis  made 
*an  antecedenti  and  the  antecedent  a  confequcnf;  ^hat  i% 

if  i8'.(j::2i:7,  then^'by  invcrfion,  as6:l8^^7!2l. 

18.  Compounded  proportion  i«  when  the  fom  of  tlie 
'antecedent  arid coilIeqTicntIs compared' to  AccoiJfeqacnt. 
*K  18:6: : 21 : 7,  then,'by  compofition,  as  1^:6:  :28: 7. 

19.  Divided  Vatfe  is 'whebnhe'iffife^cc  between  the 
*  antecedent  and  coniequent  is  Compared  tbtfaeconfequent. 
If  1 8 161 12 1 : 7,  then»  by  divifion,  as  12 Itf : :  i4* 7* 

20.  Converfe  ratio  is  when  the  antecedent  is  compa- 
'red  to  the  ^difference  between  the  antecedent  and  confc- 
quent.  If  18:6:^21:7^ theni  ^oonverfion,  as  i8:i2r: 
21:14. 

Four  propotttbual  quarifitles  being  given/ to  vary  their 
order,  fo  that  any  one  of  them  may  ftand  in  the*  fourth 
place.  This  is  done  by'inver£on  and  alt€«iadon|  as  foi* 
*Jo1vs:  "       " 

JSxam.  Let  the  fonr  proportionals  be  12! 3   y.i6:  4 

Then^i  by  inverfion^  -as    4: 16:  •  3^:  i2 

by  aherniition,         as  1 6 1  ,4 : :  1 2  *  jt 

and>  by  inverfion,  *    as    3:12::  4:16 

''fl«nce>  if  fonr  quantities  be  proportional,  any  three  of 

tthem  being  giveoi  the  fourth. may  he  found. 
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:ghin  right  lines  AB  and  BC*    Fig.  •X3« 

* 

Draw  an  indefinite  Sne  CE^  on  vrhkh  cake  BA  ^i 
BC  of  the  given  lengths ;  on  AC  deicribe  tbe  iemidrc}e 
ADC  y  and  from  B  draw  BD  perpendtcoiar  tp-AC^  and 
SD  is  the  mean  propocdoBal  betweea  AB  and  B^  or 
A94Bb:;BD3C. 

FaOB.  12.    Tofini  a  third  proportional  io  two  giyi» 
mght  Jines  AS  and  BC.    Fig»  14.        .        ,  ^  • 

^lake  an;  anglePAQ^  ^nd  take  AD  eqnal  to  AB,  and 

AE  and  DF  each  equal  to  BC;  -  jphi  •  DE  ; .  and  throi^ 

.y  draw  FI^  paraljicl  to  D^S^  and  EH  is  the  third  propor- 

<iional  required.    For  AD  IBF: :  AE: EH  f  that  is,  AB  I 

bc::bc:eHv        ,  :   /      • 

Prob>  ij«     To  find  a  fourth  pnport'umdte  three  pvea 
right,  lines  AB,  BC,  an^  CD,    Fig.  1$. 

I 

Make  any  angle  GEF^  and  take  EH  eqnal  to  AB^ 
UK  equal  to  BC,  and  EM  equal  to  pD  j  join  HM ;  and 
through  E  draw  KL  parallel  to  HM ;  and  ML  is  the 
fourth  proportional  required.  For  £H  I  HE  '. '.  £MI 
ML,  that  is,  AB  :BC : :  CD :  ML. 

Prob.  14.  To  divide  a  given  right  itne  h&  into  any 
;iiumbe'r  of  e^ual  parts ffappofe  10,     Fig.  i6* 

% 

'  '  r  .  •  *  a 

Draw  AC,  making  any  angle  with  AB,  and  through 
^  draw  BD  parallel  to  AC  •,  take  ten  equal  parts  on  AC 
iirom  A  to  i»,  without  regarding  whtther  Am  be  longer 

-or 
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or  (horter  than  AB ;  take  the  fame  parts  from  B  to  e  on 
the  line  BD  ;  join  the  oppofite  points,  as  in  the  figure'; 
and  AB  will  be.  divided  into  ten  equal  parts. 

JV.  5.  This  operation  divides,  not  only  AB,  but  alio 

I'Sm  or  Af,  into  ten  equal  parts.    Por  «i  is  4^,  and  nZ 

is  ^  of  B#».    By  this  method,  a  very  fliort  line  may  be 

divided  into  ten,,  or,  any  other  number  of  equal  parts,  as 

^Tnay  be  feen  on  the  diagonal  fcale. 


P R  o  B .  1 5. ,    5i  make  tht  diagonal  feaU  of  any  Itng th» 

Fig.l^. 

Make  the  right  angle'B  AC ;  take  ten  equal  parts  on 
AC,  and  through  each  divifion  draw  lines  parallel  to 
AB:  Ha^g  determined  the  length  of  Ac»,  divide  it  into 
ten  equal  parts,  and  take  the  fame  parts  from  C  to  « ;  then, 
through  the  ninth  divifion,  counting  from  0  towards  A, 
draw  the  line  9C ;  and  through  the  other  divifions,  draw 
lines  parallel' to  it,  and  draw  ^f«  parallel  to  AC  5  thefe 
lines  will  divide  each  of  the  ten  parts  between ^o  and  A 
into  ten  equal  parts. 

Take  the  line  oK  in  your  compafles,  and  carry  it  along 
the  line  AB,  as  often  as  you  pleafe;  and  through  thefe 
points,  draw  lines  parallel  to  AC  or  ^w.;  and  the  fcale 
:  is  made.  '  \ 

When  the  great  parts  A(?,  0  i,  'S>cc*  are  -accotinted 

^hundreds,  the  fmall  divifions  between  0  and  A  are'iens, 

and  the  units  are  reckoned  on  the  parallels,  between  Ao 

and  Cm  ;  but,  when  the  great  parts  are  accounted  tens, 

-  the  fmall  are  units ;  and  their  parts  on  the  parallels  arc 

■'■  decimals  of  an  udit. 
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•••  7i  take  any  number  frrni  ibefcaUf 

Take  the  huiidreds  between  o  arid  B,  the  tens  betweea 
:  0  and  A,  and  carry  back  both  feet  of  the  compafles  to 
'th^  parallel  whereon  the  units  are  marked. 

A  fcale  of  equal  parts,  fuch  as  fig^  i8/ferves  for  ta- 
'king  numbers-below  an  hundred,  efpecially  when  a  large 
'plan  is  to  be  made.  Its  conftmftion  and  ufe-  is  evident 
by  infpeftion. 

The  lengths  of  the  fides  of  right  lined  figures  may  be 
taken  from  thefe  fcales,  to  a  fufiicient  degree  of  accura- 
cy for  any  purppfe;  but,  in  order  to  make  or  meafure 
.  right  lined  angles,  we  muft  have  recourfe  to  the  circle. 

Every  arc  of  a  circle  is  meafured  by  certain  right 
'lines,  called  Chords,  Sines,  Tangents,  and  Secants;  and, 
'  for  nautical  purpofes,  a  Rhumb  line.  Kide  Trigonome- 
-  try. 

« 

Prob.  1 6.     To  conJlruEi  the  Vines  ^  of  chords  %  rhumbs^ 
fines ^  tangents^  andfecants*    J^ig*  !<;•       < 

I.    To  make  the  line  of  Chords. 

Having  dcfcribed  the  femicirclc  •  ADB,  and-drawn  the 

'.right  line.  DB,  divide  .the-  quadrant  DB  into  nine  equal 

parts  •,  and,  about  the  center  B,  defcribe  arcs  through 

-thefeveral  divifions,  cutting  the  right  line  DB  in  lo,  20, 

.30,  &c.  and  the  line  of  chords. is  made  for.  every  ten  de- 

rgrees. 

In  the  fame  manner,'  If  each  of  thefe  parts  of  the  qua- 
•..drant  ijc  divided  into  ten  equal  parts,  and  arcs  defcribed 
*  through  the  feveral  points  of  divifion,  the  Jine. of  chords 
'♦-\v411  be  made. 
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Note.  The  chord  of  fixty  degrees-is.  equal  to  the  ra- 
dius of  the  circle. . 

2.    To  make  the  line  of  Rhumbs.- 

Draw-  the  right  line  DA,  and  divide  the  quadrant  DA  t 
into  eight  equal  parts  ;  <^and  about  the  center  D  defcribc  -j 
arcs  cutting  the  right  line  DA  in  the  points  i,  2,  3,  &c. 
and  DA-will  be  a  line  of  rhumbs,  or  points  of  the  ma-  - 
riner*s  compafs. 

iST.  B.  This  is  alio  a  line  of  chords,  each  diviiion  be-  - 
ing  11^  15'^  aad  is  ufed  to  defcribe  thc-angleof  a  (hip's  * 
courie.^ 

3.    To  make  the  line  of  Sines,  . 

From  each  point  of  divifion  in  the  quadrant  BD,  let 
fall  perpendiculars  on  the  radius  CB  ^  and  thefe  diviiions  . 
being  numbered  10,  20,  &c.  from  C  to  B,  will  be  a  Uncv 
of  fines.    The  fine  of  99^  is  equal  to  the  radius  of  the. . 
circle*. . 

4.:    To'  make  the  line  of  Tangents. 

Through  D  draw  DE  parallel  to  CB ;   then  a  ruler 
laid  to  the  center  C>  and  each  divifion  in  the  quadrant 
DB  will  cut  the  line  DE  in  the  points  10,  20,  &c. ;  and 
DE  will  be  the  line  of  tangents.    The  tangent  of  45°  is  . 
equal  to  the  radius  of  the  cirde,. 

J."    To  make  the  line  of  Secants.' 

Produce- GB-^ to  F;  fet  one  foot  of  theccompaflesin  th^  - 
C«ntcr  C,  and  vvith  the  other Tdeferibe  arcs  through  every 
divifion  in  the  t<uigent  line^  catting  the  line  CF  in  the 
points  20,  30,  &c  J  and  CF  will  be  a  line  of  fecants. 

Ba.  Thct 
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The  fccant  of  every  arc  is  greater  than  the  radios  of  ^ 
the  circle ;  and  therefore  the  lecant  line  be^s  at  the 
fine  of  90%  and  goes  on  withont  the  drde. 

The  line  of  femltangents  is  made  from  the  line  of 
tangents ;  the  femitangent  of  10^  being  the  whole  tan- 
gent of  5^,  &c. 

The  divifions  on  the  lines  above  defcribed,   being 
transferred  to  right  lines  drawn  on  a  fcale  of  wood,  or ' 
other  matter,  are  of  confiderable  ufe  in  practical  ma- 
thematics. 

The  fcale.  of  equal  parts,  and  the  line  of  chords,  fcrve 

for  making  and  meafnrllig  right  lined  figures ;   and  the 

lines  of  fines,  tangents,  and  fecants,  are  ufefui  in  ipheri- 
cal  projcftions. 

Probi  17.  21?  make  an  angle  of  a  propped  numier  cf 
degrees  J  fuppofi  55®  by  the  line  of  chords.     Fig.  2o» 

Draw  the  right  line  AB  ;  about  the  center  A,  with  a 
radius  equal  to  the  chord  of  60%  defcribe  the  arc  CD  ; 
then  take  the  given  number  of  degrees  (55°)  from  the 
fame  line  of  chords,  and  fet  it  from  C  to  m,  and  through 
A  and  m  draw  the  line  AE ;  and  EAB  is  the  angle  re- 
quired. • 

Prob.  18.  Tq  meafure  a  right  lined  angle  by  the  Vint 
cf  chords* 

t 

With"  a  radius  equal  to  the  chord  of  60%  defcribe  an 
arch  about  the  angular  point ;  take  the  arch  in  your' com- 
pafTes,  and  apply  it  to  the  line  of  chords;  and  thus  the 
quantity  of  the  angle  will  be  known. 

•Whea 
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WHcn  an  obtufc  angle  is  to  be  made  or  mcafared,.  its 
meafure  being  greatec  than  90^1  muft  be  taken  from  the 
feale  at  twice  :  ThuSj  fuppofe  an  angle  of  1 60^  was  to  be 
made  ;   having  defcribed  an*arc  with  the  chord  of  60%  , 
take  90°  and  70®,  or  80°  and  So**  fjromthe  line  of  chords,  , 
and  fet  them  one  after  another  on  that  arc. 

Defin.  2r.'    A  regular  polygon,   is  a  figure  whofc 
fides  and  angles  are  all  equals  and  is  denominated  by  the . 
number  of  its  fides.     One  of  five  fides  is  caHed  a  Penta-^ 
gon,  of  fix  fides^  a  Hexagon,  &G. 

a2.  The  angle  at  the  center  of  a  regular  polygon  is 
contained  between  two  right  fines  drawn  from  its  center 
to  the  extremities  of  any  of  its  fides,  and  is  found  by  di- 
viding 360^  by  the  number  of  fitles.  . 

23.  The  angle  at  the  circumference  of  a  regular  .po- 
lygon  is  contained  between  any  two  adjacent  fides  of  the 
polygon,   and  is  found  by  fubtrafiing  the  angle  at  thp  .. 
center  from  i8o^. 


A  TABLE,  (hewing 
Angles  at  the  Center, 
gdlar  Polygons^  from 


the  Names,  number  of  Sides, 
and  at  the  Circumference  of  re- 
tbreeto  twelve  Sides,  inclnfive. 


Names. 

Ang.i 

It  the  1 

Ang  at  ihe 

* 

1- 

'  Center. 

•   Circumf. 

Trigon 

3 

120" 

00' 

60°  00' 

Square 

4 

90 

00 

90     00 

Pentagon 

5 

72 

•00 

108     00 

Hexagon 

6 

60 

00 

120     00 

Heptagon 

7 

51 

251 

128     34?- 

Oft  agon 

8 

45 

00 

135     00- 

Nonagon 

9 

40 

00 

140     00 

Decagon 

10 

3'S 

00 

144     00 

Endecagon  . 

II 

32 

43  TT 

147     i6vV 

Dodecagon 

12 

30 

00 

150     QO 

Pros. 
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pROB*  ip.  To  tnfcribe  a  regular  polygon  in  a  circle  by 
the  line  of  chords i 

Make  an  angle  at  the  center  orthe  circle  equal  tOuthe 
angle  at  the  center  of  the  polygon  required  to  be  dVawn ; . 
this  will  give  one  fide  of  the  polygon,  which  being  ,ap* 
pliod  round  -the.  circle^  the  lines  joining  the  feveral  points 
in  the  circumference  will  be  the  fides  of  the  polygon. 

Exam,  Suppofe  a.  pentagon  were  to.be  inicribed  in  a  > 
given  circle  ABD.    JFVg^.  2i, 

At  the  center,  make  the  angle  ACB'of  72%  and  join 
AB  J  then  applying  AB  jound  the  circumference,  w'dl 
give  the  points  D,  E,  F  ;  join  BD,  DE,.EF,  FA,  and 
ABDEF  is  the  pentagon  required. 

In  the  fame  .manner,  any  other  regular  polygon  may 
be  infcribed  in  the  circle. 

N^  B.  The  radiua  of  the  circle  is  equal  to  the£de  of  a 
hexagon  infcribed  in  it. 

m 

Prob.  20%     To  mate,  any,  regular  polygon  on  a  given  : 
right  line  AQ»     Fig,  Zii 

At  the  points  A  and  B,  make  the-anglc&  CAB,  ABC,  - 
each  equal  to  half  of  the  angle  at  the  circumference  of 
the  polygon ;  ,  and  from  the  .point  C  with  the  radius  C  A 

I  or  CB,  deferibe  a  circle .;  and  AR  properly  applied  in  the 

circumference  will  give  th&  fides  of  the  pel ygoot required. 

Exam,  of  a  pentagon.     Make  •  the  angles  CAB  and 

ABC  each  equal  to  54?,  the  half  of  108®  j  and  from  the 

[  center  C,  with  the  radius  CA,  defcribe  a  GirGl.e,  in  which 
apply  the  right  lines  BD,  DE,  EF,  and  FA,  each  equal 
to  AB  ;  and  ABDEF  is  a  pentagon  delcribed  upon' the 
given  line  AB. .  . 

Prob* 


W 
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TPkob.  21.     21?  draw  a  tangent -to  tie  circle  from  any 
^point  A^  which  is  not  within  the  circle.     Fig.  22. 

1.  If  the  given  point  A  is  in  the  circumference,  draw  a 
linei^om  the  center  C- to  A,  and  trough  A  dca\wBAD 
at  right  angles  to*  AC  \  and  BD  is  the  tangent  required. 

2.  If  the  point  A  is  without  the  circumference,  join 
"  C A,  and  on  it  defcribe  the  femicircle  AEC,  cutting  the 
.  arch  AE  in  E ;  then,  tbroagh  A-and  £,  draw.  AD,  which 

will  touch  the  circle  in  the  poiat  £. 

PR0B<  22.  To  defcribe  a  circle  about  a  given  triangle 
ABC;  ory.  to  defcribe  a  circle  through  any  three  given 
points  A,  B,  C,  which  do  not  lie  in  the  fame  right  line. 
Fig^  23. 

Bife A  the  fides  of  the  triangle,  or  the  dlflances  of  the 
points  AB  and  AC,  at  right  angles,  by  the  right  lines 
DF  and  EF  j  and  from  the  point  F,  where  they  naeet, 
wkha  radius  equal  to  FA,  FB,  or  FC,  defcribe  the  cir- 
x:le  ABC. 

^    P R o  B  •  23  •     7i  defcrihe-  an  oval  figure  reprefentihg  an 
^llipfe^  mJjofe  longejl,  diameter  AB  is  given      Eig.  -24. 

Divide  AB.into  three  equal  parts  in  the  points  C  and 
D  ;  and  about  the  centers  C  and  D,  with  the  radius  CD, 
defcribe  two  circles,  interie^ling  each  other  in  the  points 

'-E  and  F ;  through  the  points  C  arid  D,  draw  the  liqes 
EN,  EM,  FO,  .and  FP  ;  and  about  the  centers  F  and  E, 

-with  the  radius  EN,  defcribe  the  arches  NM  and  PO; 

.^nd  AUBG  is  the  oval  figure  required. 

5ECX 
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T LAI N    T R I G O N O M E T R'^. 


D  E  F  I  N  I  T  I  O  N  S.  : 

I 

1.   \  Plain   triangle  hath  fix  parts,  ^/z.  three  fides 

XjL  and  three  angles ;  any  three  of  thefe  being  given, 

-  except  the  three  angles,  the  reft  may  be  found  ;  and  the 

method  of  performiiig  this  in  e^very  pofllble  cafe  is  called 

Trigonometry  • 

2.  The  fides  of  phiit  Viangies'areefthnatcdby  mea- 
fiires  of  length,  fuch  as,  inches,  feet,  yards,  miles,  &c.  • 

3.  The  angles  of  pkin  triangles,  are  meafured  by  cir- 
cular arcs  defcribed  about  the  angular  points ;  thus  the 
meafure  of  the  angle  BCD  is  the  arc  BD  ;  and  ofDCH 
the  arc  DH.     Plate  2.  Fig.  25. 

4.  The  circumference  of  every  circle  confifts  of  360 
equal  parts,  called  Degrees  /each  degree  of  60  minutcsi, 
and  each  minute  of6ofeconds,&c.mai'ked  thus,  i®,  i'  i", 

^  fignifying,  one  degree,  one  minute,  one  fecoUd. 

5.  An  angle  is  faid  to  be  of  the  fame  number  of  de- 
grees, minutes,  and  feconds,  with  the  arc  that  meafuresit, 

6.  The  whole  circumference  of  the  circle  is  themea- 
fiire  of  four  right  angles ;  the  meafure  of  a  right  angle  is 
a  quadrant  of  the  circle,  or  90* ;  of  two  right  angles  is 
180° ;  and  the  meafure  of  an  obtufc  angle  is  greater  than 
.90°,  and'of  an  acutc^ng^e,  is  fcfs. 

^      '7,  The 
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'7.  The  complement  of  an  arc  or  angle,  is  its  difference 

*  from  a  quadrant,  or  90° ;  thus  the  complement  of  the 
arc  BD,  or  the  angle  BCD,  is  the  arc  DH,  or  the  angle 
BCH ;  and  the  complement  of  the  arc  BK,  or  the  angle 
BCK,  is  the  arc  HK,  or  the  angle  HCK. 

8.  The  fupplement  of  an  arc  or  angle,  is  what  it 
wants  of  a  femicirde,  or  180®;  thus  the  arc  DHA,  or 

'the  angle  DCA,  is  the-fopplement  of  the  arc  DB,  or  of 
the  angle  DCB. 

N,  B.  This  is'ibn^mes^  called  the  complement  of  ^n 

*  arc  to  a  femicircle. 

9.  The  diametejr  of  «  circle,  is  a  right  line  drawn 
through  the  center,  and  terminated  by  the  circumfe>- 

.  rencc,  as  AB. 

10.  TJie  radius,  is  any  right  line  drawn  from  the  cen- 
^ter,  to  the  circumference,  as  CA,  CB,  or  CD,  5cc, 

ii.  The  chord  of  an  arc,  is  a  right  line  joining  its 

*  extremities;  thulj  DEO  is^the  chord  ef  the  arc  DfiO> 

HDr  of  DH  AO. 

'  .  .  ■ 

N-M»  Every  chord  line,  except  the  diameter,  belongs 
'  to  two  arcs,  the  one  lefs,  and  the  other  greater  ^ban  a 
icmldrcle. 

1 2.  The  fine  of  an  arc  or  angle,  is  a  right  line  drawn 

'  from  one  end  of  the  arc,  perpendicular  to  the  radius 

drawn  to  the  other  end  of  it ;  or,  it  is  half  the  chord  of 

double  the  arc ;  thus,  DE  is  the  fine  of  the  arc  DB,  or 

-DHA  J  and  DF  is  the  fine  of  DH  or  DBV, 

JST.  5.  As  every  chord  line,  except  the  diameter,  be- 
^  longs  to  two  arcs  J  fo  every  fine,  except  the  radius,  be- 
>4oDgs  alio  to  two  arcs ;  the  one  lels  than  a  quadrant, , 

C.  and 
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and  the  other  its  fupplemefnt ;  becaufe  every  fine  is  half 
the  chord  of  double  the  arc. 

13.  The  tangent  of  an  arc  or  angle,  is  a  right  line 
touching  one  end  of  the  arc,  and  produced  until  it  meets 
with  the  right  line  drawn  from  the  center  through  the 
other  end  of  the  arq  5  thus,  RG  .is  the  .tangent  of  the  arc 
BD,  and  HI  of  HD. 

14.  The  fecant  of  an  arc  or  an*gle,  is  a  right  line 
drawn  from,  the  center  through  one  end  of  the  arc,  and 
produced  until  it  .meets  with  the  tangent  drawn  fronvthe 
other  end  of  the  arc  ;  thus  CG>  is  the  fecant  of  the  arc 
W,  and  CI  of  DH. 

15.  The  verfdd  fine  of  an  arc  or  angle,  is'that  part  of 
the  diameter  intercepted  between  the  arc  and  its  fine  j 
thus,  BE  is  the  verfed  fine  of  the  arc  BD,  and  AE  is  the 

.  verfed  fine  of  the  arc  DH  A. 

'  16.  The  co-fine,  cotangent,  co-fecant,  and  co- verfed 
fine  of  an  arc  or  angle,  is  the  fine,  tangent,  fecant,  verfed 
iine  of  the  complement  of 'that  arc  or  angle. 

Thus  DE,  BG^  CG,  EB,  being  refpeftively  the  fine,, 

tangent,  fecant,  and  verfed  -fine  of  the  arc  DB,  which  is 

the  complement  of  DH  5  therefore  D£  is  cajled  the  co- 

fiue,  BG  the  co-tangent,  CG  the  cp-fecant,  and  EB  the 

.  co-verfed  fine  of  the  arc  DH,  or  of>the  angle  HCD. 

1 7.  The  chords  and  verfed  fines  d{  arcs .increafe  con- 
tinually from  the  leaft  quantity  to  180°,  or  a  femicircie; 
but  the  fines,  tangents,  and  iecants  increafe  only  to  90°. 

1 3.  The  fine  of  a  right  angle,  or  90%  is  equal  to  the 
radius  ;  but  the  tangent  and  fecant  of  90^  are  infinite  j 
..  becaufe  the  tangent  BG.is  parallel  .to  the  radius  CH. 

.10.  MhQn 
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19,  When  the  fine*  tangent,  or  fecant  of  an  obttife 
angle  is  fought  in  the  tables,  that  of  n^  fupplement  muft  , 
be  taken  ;  thus  for  the  fine, 'tangent,  and  fecant  of  120® 
take  thofe  of  60°. 

20,  Since  the  meafure  of  a  right-lined  angle  is  the  arc 
of  a  circle  defcribed  about  the  angular  point  with  any  . 
radius,  we  caahave  as  many  different  arcs  exprefTing  the 
quantity  of  an  angle  as  vje  pleafe  to  aflume  different 
radii ;  each  of  thcfe  arcs  hath-  a  fine,  tangent,  fecant,  and 
verfcd  fine  5  and  therefore  the  fine,  tangent,  &c.  of  the 
fame  angle  may  be  expreiled  by  innumerable  different 
right  lines,  all  ,an  proportion  to  each  other  as  the  radii 
afTumed  y  for,  let  EAF  be  any  right-lined  acute  angle, 
J'*^,  2^.  produce  the- right 'lines  EA  and  AF  at  pleafure ;   . 
about  the  center  A  defcribe  the  .feveral  arcs,  EB,  HC,   . 
and  LD,  and  draw  the  fines  EF,  HI,  and  Lr,  and  the  • 
tangents  BG,  CK,  .and   DM;    and.  thcn^  by  fijiilar  v 
triangles.,,  ^s ... 

EF:HI::AE:AH  ' 
GB:KC::AB:AC  ' 
AG:Ak::AB:AC 

A1St  frigonometrical  calcufations  depend  on 'this  princl*-  '- 
pic  5  as  alfo,  the  conftruftion  of  triangles,  and  the  me-  - 
thod  of'  meafuring  the  parts- required^  by  fcale  and  coni-^ 
pafTes. 

For,  a  radkis  being-takeh  at  fleafnr8,'And  the  lengths  .« 
.of  the  fines,  verfed  fines,  tangents,  and  feCants  of  all  arcs  - 
from  i'  to  90°,  calculated  in  proportion*  to  it,  and  ranged 
in  order  in  tabksf  or  marked  on  a  fcale,  affords  a  canon  , 
far  calculating  or  meafuring  the  angles  and  fides  o£  any  ; 
triangle  5  one  fide,  and  other  two  of  its  parts,  being* given.  - 

C  2  21.  The  - 
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2 1 .  The  three  angles  of  any  plain  triangle  arc  equal  to  * 
two  right  angles,  or  i  Bo^» 

Cor.  I.  If  one  angle  of  a  plafn  triangle  bir  given,  the 
fum  of  tKe  other  two  angles  may  be  found,  by  fubtraft-- 
ing  the  given  angle  from   iBo**. 

2.  If  two  angles  of  a  plain  triangle  are  given,  the  third' 
may  be  found,  by  fubtraftiag  tfre  fum  of  the  two  givca"^ 
angles  from  1 80°. 

3.  The  two  acute  angle?  of'  any  right  angled  plain 
triangle,  are  equal  to  one  right  angle,  or  po*'. 

4.  If  one  of  the  acute  angles  of  a  right  angled  plain 
triangle  be  given,  the  other  is  found-  by  fubtrafting  the 
given  angle  from  90^.  - 

22.  In  any  right  angled  plain  triangle ;ABC,  Fig*  27*^ 
the  line  AC  oppofite  to  the  right  angle,  is  called   the 
Hypotheniife ;  and  AB  and  BC,  which  contain  the  right' 
angle,  are  called  Sides,  -or  Leg*.    * 

23.  Similar  triangles  are  thofe  which  have  their  angles 
equal,  each  to  its  corrcfpondear  angle.' 

24.  The  fides  about  the  equal  angles  of  fimilar  tri-- 
angles  are  proportional.     JEucL  B.  6.  prop^  4.. 

Theorem.   If  from  any  poiat  in  the  fide  of  a  plain "^ 
triangle,  a  right  line  be  drawn  parallel  to  one  of  the 
other  fides,  it  will  cut  off  a  triangle  fimilar  to  the  whole*- 
Fig.  A.  plan  2. 

Let  ABC  be  a  triangle,  and  from  any  point-  E  in  th« 
fije  AB  draw-  EF  parallel  to  BC  ;  I  fay,  the  triangle - 
A£F  is  fimilar  to  th«  triangle  ABC-  ^ 

.For,  fiiice  the  line  AB  fallsupon  the  two  parallekEF 
and  BCj.the  angle  AEF  is  equal  to  the  angle  ABC; 
and,  for  the  fame  rcafon,  .the  angle  AF£  is  equal  to  the 

angle 
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aagle  ACB ;  alfo  the  angle  at  A  is  common  to  the  two- 
triangles  AEF,  ABC;  and  therefore  the  triangle  AEF  iS' 
fimilar  to  the  triangle  ABG»'  la  likd  manner^  if  FD  bd  . 
drawn  parallel  to  AB,  it  may  be  demonftrate^  that  th6 
triangle  FDC  i»  fimilar  to  the  triangle  ABC.  Hence^ 
aad  froBi-ehe  4tb  ptopw  of  Euclid^s  6th  book^  we  bav:^ 
the  following  proportion  S|  viz. 

AE  :  EF  : :  AB  :  BC  ^  CD  :  DF  ::  CB  :  BA 
EF  :  FA  : :  BC  :  CA   CF: :  FD  : :  CA  :  AB  > 
FA  r  AE  : :  iCA. :  ,AB  ^  DC  :  CF  : :  BC  :  CA 

2jf.  By  Radkifi,  in  Trigonometry,  is  underftood,  the 
radius  of  the  tables  of  fines  and  tangents^  commenly  caU 
led  the  Trigonometrical  Canon ;  and  is  generally  fuppofcd  : 
'  to  confinrof  loooooo^o  equalparts. 


Construction  cf  tht  TABtfes  of  Sines  and  I 

Tangents,  isfc- 

u  The  diameter  of  a  circle  beings  given,  ^to  find  the  *. 
chord  of  90°.  **  •  / 

The  diameter  AB  being  givettj  the  radius'CB  or  CD 
■will  be  known  5  and  the  chord  of  90°,  or  a  quadrant,  . 

▼iz.  BD=:vCB»+CI)^  by  the 47rh  Euclid,  Br i,- 

•  Exam.  Let  the  diameter  AB=:2,  then  the  .radius  C  B 

orCD=i,andBD=VCli*+CD^=V2=i.4i42i356i. 
Now,  becaufe  the  fine  of  an^arch  is  half  the  chord  of 
double  the  arch,  we  have  the  fine  of  45°,  viz.  ^h  or 
IJi=r,7.07ic678 1,  -whick  is  half  the  chcrd-of  y©°^ 

The 


» 


TT.      FX'AIN    TRIGONOMEtRT/ 


The  co-fine  of  45^  is 
e^nal  to  its  fine:  and 
becaufe  the .  difference 
between  the  co-fiaeand 
the  radios  Js  the  verfed 
line  of  any  arch  ielf 
than  90°,  therefore, 
from  the  radius  :=  i 
fnbtraft  ^']0']\o6^Z\ 
the  remainder  Ih - 
.292893219  is  the 
\Qik^  fine.of-45«>. 


Set  the  radius  from  A  to  F;  join  FA,  and  froto  F  draw 
FG  perpendicular  to  CA ;  .alfo  bifeft  the  arch  AF  in 
m^;  join  Cm  cutting  the  chord  AF  in  n  :  then  AF==  i  is 
the  chord  of  60%  and  FG  is  its  fine  :  A.m  is  an  arch  of 
30°,  A«  is  its  fine  andC/i  is  its  co-fine.  Now  A/i=4, . 
therefore  the  fine  of  30°.  is  ^joocpoo^  and  its -£0»' fine  is 
C«. 

2.  Th^radhis  of  the  circle  and  the  fine  of  any  arch 
being  given,  to  find  its  co-fine.. 

£^5/».  The  radius  CA=  i  ;  hmma  arch  of  30**,  its 
fine  Knisc.  .5C00000  :  it  is  required  to  find  C«,  the  -co- 
fine  of  hm  ?'  ' 

By  the  47th  prop,  of  Euclid  B.  i.  CA*-C«*  +  «A*j  . 
and  therefore  C«  =  VCA* — A«*^.   . 

From  the  fquare  of  CA  3=  i. 

Subtraft  the  fquare  of  A//  i=      .25 


There  remains  the  fquare  of  C;/  i=  .7^-  and  V75= 
.8060254,  thc^ co-fine  of  30°',  or  the  fine  of  (Jo°. 

3.:  The 
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q.  TJie  radius  of  the  drck, 
and  the  fine  of  an  arch  beiog 
gheD,  to  find 'the  fine  of  half 
that  arch. 

Let  DB  be  aa  arch>  and  its 
fine  DE  given,'^  to  find  Bw,  the 
tine  of  half  the  arch  DB, 

The  fine  DE  being  given,  the 
confine  CE  will  be  knawii.  The 
co-fine  being  fobjpafted  from 
the  radius  CB=s  i ,  ^  the  remain- 
der EB  is  the  verfed  fine  of  the 
arch  DB.  Join  DB ;  then  in  the  bright  singled  triangle 
DEB,  the  fides  D£  and  £B  i)eing  known,  we  have 

DB=:>v/DF"+EB^,  and  half  of  the  chord  DB,  viz.  Bm, 
As  thefine  of  half  of  the  arch  DB. 

Epcam.  Let  DB  be.  an  .arch  67.30°;  then  its  fine* 
DE=:.5CQCooo  and  its   verfed   fine    .EB==. 133974$^ 
,  Required  the.finc  of  15.^^ 

^-p/?  ^1881904 

,  DE*  =  .-^5000000000000 
EB»  =  .017949193445 »^ 

^MMHMWMas  MMva^^w^  «P^^«MHBMii«  ««aia«M^PW^ 

DB*  s=  .*267949t93445!6 

The  fquare  root  of  .267949i93445i6=.5i>63:8c9, 
and  thehalf  of  .5 1 763809. is. 25 881904.  thefine  of  15.% 

4.  The  fine  Bi«  of  an  arch  BL  being  given,  to  find 
-iLB  the  fine  of  double  that  arch. 

The  fine   Bm  being  given,  the  co-fine  Cm  niay  be 

^ouad  S  the  triangles  CBv;,  DBE  are  ?,quiai)gular  j  for 

;        ^  »  >        the 
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the  angles  at  m  and  E  are  rights  and  the  angle  EBD  is 
•  common,'  therefore  the  fides  are  proportional,  viz» 
As  CB  :  Ciw  : :  bd  :  DE,  that  is. 
As  the  radius 

Is  to  the  CO- fine  of  the  given  arch  BL ; 
So  is  twice  the  fine  of  the  given  arch  =  zBm  or  DB, 
To  DE  the  fine  of  double  the  arch  BL. 

Exam,  LetBLbe  an  arch  of  15° ;  its  fines  .25881904^ 
^it  is  required  to  find  the  fine  of  30°,  the  double  of  15°'? 
The  co-fine  of  1 5""  is  .96.5925826,  and  twice  the  fine 
of  15°  is  .51763809.  then. 

As  Kad.  :=  1  :  .965925826  : :  .51763809:  .499999989* 
-cr  .5000000. nearly  =^he  fine  of  30% "which  was  to  be 
found. 

5.  The  fines  of  two  arches  BD  a,^ 
and  DF  being  given^  to  find  FI 
the  fine  of  their  fiim,  and  EL  the 
fine  of  their  difference. 

Defcribe   the  quadrdot   AD  3, 
-and  take  BD,  and  DF  of  the  given 

^^uantities  :  then  BF  is  the  fum  of 
the  two  arches  BD,  DF,  and  BE 
their  difference.  Draw  the  radii  ' 
CD,  CB:  take  DE=DF  and  join  FE:  alfo  draw  FI, 
DK  and  EL  perpendiculars  to  CB  :  then  CD  being  ra- 
dius, FO  is  the  fine  of  FD,  and  CO  its  co-fine.  Through 
O  draw  OP, parallel  to  DK,  and  through  E  andO  draw 
EG  and  Om  parallel  to  CB.  The  triangles,  CDK,COP 

^nd  F()/»  are  equiangular,  becaufe  of  the  parallel  lines. 
Therefore,  as  CD  :  DK  : :  CO  :  OP  =  im 

and  as  CD  :  CK  : :  FO  :  fm  =:  mG  becaufe 

'i'0=OE* 
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.  "Now  bP  +  /«F=FI,  the  fme  of  BF  the  fum  of  the 
arches  BD,  DP  j  and  OP— iwF=:EL,  the  fme  of  BE  the 
difFerence  of  the  arches  BD^  DF. 

CoroiL  Becaufe  the  difFerence  of  the  arches  BE,  BD, 
BF>  are  equal  to  one  another,  ^  the  arch  BD  Is  an  arith- 
metical mean  between  the  arches  BE  and  BF. 

Exam*  Si^ppofe  the  mean  arch  BD=:45° ;  and  DF= 
15®  ;  it  is  required  to  ,find  th^  fine  of  their  fum  BF,  and 
H>f  tJtteir  difference  BE  ?  . 

The  radius  CD=:i ;  the  fine  of  45°  DK=  .70710678, 
the  cq-iine  of  15%  CO :=:. 9.65925 82j  and  the  fine  of 
«5°,  FO  =  .;i588i9o. 

1  as  CD  :  PK  : :  CO  >.  Op  that  is, 

as  I  :  .70710678  ::  .96592582 :  .683012696=0? 

2  as  CD  :  CK  : :  FO  :  fm.  in.  this  exam.  DK=:CK 

that  is,  '^s  ji  ^  .7071067^  ::  .258819  :  .183012669= 

-F«w  oc  «G. 

C^=     .683012696 
Fiw-z:::  Hh  •  1 8 3 o  1 2669 


»  • 


Sutn  \i  the  fine  of  60®  =r  .866025365=^1 


>  • 


"Difflis  |he  finp  of  30°=  .500000027  2=  EL  true  to.  the 
8th  place  of  decimals. 

6p  In  the  fame  figure,  the  radius  is  to  double  the  co- 
fine  of  the  mean  arch  BD,  as  the  fine  of  DF  the  differ 
^ence  of  the  arches,  is  to  the  difference  of  the  fines  of 
the  extreme  arches  BF  and  BE. 

For  CD  :  CK  : :  FO  :  Ym,  and  by  doubling  tl>c  con- 
fequcnts  CD. :  2CK  WYm:  2  Fw  or  FG. 

Exam.  Let  BD  the  mean  arch  =20%  the  common 
-difFerence  lo*',  which  is  alfo  the  leafl  extreme^  required 
>thc  fine  of  30*^,  the  greater  extreme  i 

D  .  ,      The 
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The  mean  arch  is  20** ;  Us  co-iiDe  =  .93969262,  which 
being  doubled  is  1,87938524  =  2CK,  and  the  fine  of  the 
common  difference  10^  is  .1 73648  r7=:FO. 

Then  as  CD  :  ?CK  :  :F0  :  iFm,  that  is, 
as  1  :  1.87938524  ::  .17364^17  :  .3l6j5i8o=FG 

Now,  .326^5180  being  added  to  the  line  of  10*'= 
.17364817,  the  fum,  .4999999  or  .5000000  nearly,  is 
the  fine  of  30^  the  greater  extreme :  or  the  fame  num- 
ber being  fubtrafted  from  the  fine  of  30**,  the  rcmaidder 
is  the  fine  of  1 0°,  the -lea'ft  extreme. 

Coroll.  1.  Hence,  if  the  finfes  of  all  -arches  from  the 
beginning  of  the  quadrant  to  any  point,  differing  from 
one  ^another  by  a  certain  interval,  fuCh  as  1%  arc  givco, 
the  fines  of  all  other  Arches  from  that  point 'to*  its  double 
may  be  found:  for  example,  fuppbfe  the  fine,  of  every 
arch  confiftlng  of  whole  degrees  up  to  15°  is  knowiri 
then  by  the  laft  article,  the  fine  of  any  arch  from  15°  to 
30"'  may  be  found  :Tor  the  ridius  is  to  the  double  co-fiw 

'  of  I  S^-as  the  fine  of  1®  is  to  ^hc  difference  of  the  fines 

.  of  14°  and  id^'jtand  the  radius  i$  to.  the  double  co-fine  i>f 
i5\as  thefine  of  2^  is  to  the  difference  between  the 
fines  of  ij""  iwvd  .17^5 -and  as  the  fineof  3°  is  to  the 

•  difference  between  the  fines  of  12°  and  18°:  and  thcfc 
differences  being  added  to  the  fines  of  the -kfs,  will  give 
the  fines  of  the  greater  arches. 

2.  If  the  mean  arch  be  30*^,  as  radius  is  to  the  double 
co-fine  of  30°,  fo  is  the  fine  of  i"*  to  the  difference  of 
the  fines  6f  29°  and  31^^;  and  fo  is  the  fine  of  2%  to  the 

.  difference  of  the  fines  of  28''  and  32^ :  as  alfo,  fo  istbc 
fine  of  3°  to  the  difference  0/  the  fines  of  27**  and  33*^ : 
But  in  this  cafe  double  the  co-fine  or  3Q°  is  the  fquarc 

rroot  of  3-1.732051C8,  therefore,  if  the  fine  of  any  arch 


J 
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below  30%  be  moldplied  by  the  fqnare  root  c^f  3>  the  pro*, 
da  A  will  be  the  fioe  of  an  arch  as. much  aboxe  30%  as  tbb  > 
given  arch  was  below  it  Ify  for..euinpI|?y.  th»  fine  of. 
20^be  multiplied  by  thifqaarearoot. of. 3i  the  froduft. 
will  be  the  fineof  ^4a°.  . 

3..  If  the  .iioes.of  all  arches  below  60%  are  knoYfl^-^ 
thofe  above  60^  may  be  found  by  addition :  for  fince  the., 
radias.  is  t  .  dpubJe  the  co.-iine  of  .^o'^,  as:.  the  fine  of  i^ 
is. to  the  diiFereace  between  .the  .fines  o£.59'^  and  61^1 
and  the  radius  being  ij  twice  the  co-fine  of  60^^  or  twice  ; 
the  fine  of  30°  is<ai&  i ;  and  fince  the  fir  ft  and  iecond  ^ 
terms  of  the  proportion  .ai;e  equal,  the  third  and  fourth., 
terms  will  alio  be  equal ;  therefore  the  fine  of .  i^  is  the  : 
diilerence  between  ihe  fines  of  59^  anddx®.     For  the.. 
fame  reafon  the  fine  of  2^  is  .the  Jifference  between  the  . 
fines  of  3  8°  and  62%  and  the  fine  of  3°  is  the  diiTerence . 
between  the  .fines. of. >5 7°  and  63°;  therefore  add  the 
/ines  of  1%  2%  3°,  4°  feverally  to  the  fineis  of  590,  58%  . 
57*^  and  -^6^ ;  the <fam»  (hall  be  the  iines.  of  .6'i",  62%  , 
63^  and  64,  and  foon«to  90^.  . 

Exam.  .Having,  the  fines  of  45.^  and  1 5.^  given,'  (o  find. .  - 
the  fine  of  75°.  - 

Tbthe'.'fine  of  45®  =:  .70710^78 
Add  the  fine  of  15°  =  .25881904.; 

— »MiM       I.I    III    ^.m^i^m 

The  film  is  the  fine  of  -75°  ?=  -p^SP^S^^  - 
7.-  To  find  the  fine  and  confine  of  t  minute^  the  ra* 
4ius  being  \.    In  very  finall  arches,  fuch  a&.  i  minute,  . 
the  length  of  the  arch  and  of  its  fine  arc  very  nearly 
equal ;  therefore^the  length  of  the  arch.  may.  be  taken  . 
for  its  fine* 

I^the  diameter  of  a  circle  be  9,  or  the  radius  I9  the  . 
dccumfcrence  will  be  6.2831853071 ;  divide  this  by  the  ^ 

-D^»4  .  -  number.. 


number  of  miootes  m  360^=2  i6oo\  and  the  qoodeor 
is  the  length  of  the  arch  of  I'r:. 00029088^208,  whkh» 
may  be  fakea  for  the  iiQe  of  i'^  true  to  the  12th  plac^ 
of  dedflials. 

The  fqaare  of  the  fine  of  any  arch  being  fobtrafled' 
from  the  fqoare  of  the  radios,  the  remainder  is  the  fquare 
of  the  co-fine  of  that  arch. 

In  this   example,    the   fquare    of    .0002908882  is 
.00^00008461594489924,  which  being  fobtrafted  from^ 
I,  the  fqoare ofthe  radhis,  there  remains  .999999915384, 
&c.  ar*d  by  extra^ng  the  fquare  root,  the  co-fine  of  i  >, 
or  the  fine  of  89"  59'  comes  om  -99999995 77- 

The  fine  and  co-fine  of  1'  being  found,  the  fine  of  2^' 
iniy  be  found  by  Article  4th,  For  the  radius  is  to  twice 
the  co-fine  of  any  arch,  as  its  fine  is  to  the  fine  of  doable 
that  arch.     That  is, 

As  I  :  1.999999915.4 ::  .0002908882  :  .0005817753= 

Sine  of  2'.  »  . 

8.  Twice  the  reftangle  under  the  fine  of  half  the  fum,. 
and  the  co-fiae  of  half  the  difference  of  two  arches,  is 
equal  to^  the  re^angle  under  the  radius  and  the.fbni  of 
dieir  fines* 

Let  ABFK  be  a  circle,Jts  cenrer  C  and  diameter  FA  : 
let  AB,  ad  be  two  arches.  Draw  the  flraight  liae  DK. 
parallel  to  AF,  and  BG  perpendicular  to  DK  :  join  BD 
and  bifect  it  in  1 5  through  I,  draw  the  radius  CE  and 
through.  A,  draw  AH  parallel  to  BD5  then  BG  is  the 
fine  of  BAiD  the  funv  of  the  two  arches,  and  BI  is  the. 
fine  of  BE  half  their  fupa  5  alio  CH  is.  the  co-fine  of  AE 
rhe.half  of  thpir  difTerence. 

TJxc- 
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The  triangles  BGD,  CHA  are  equiangnlar,  for  tfic 
angles  at  G  and  Hare  right/and  the  angles  GDB,  CAH 
are  equal,  by  reafba.of  the  parallel  lines  BD  and  AH  ;. 
therefore  the  fides  are  proportidhaly^'Vie.  as  BD  I  BG  : : 
CA  :  CH  or  as  2BI  :  BG  : :  OA  :  CH^  then  iBIScCH 
=:BG  X  CA.  But  2BIxCH=BIxaCH,  therefore  Blx 
2CH  =  BGxCA.    0M.D. 

From  thi»  propofitLoa  the  {bjlowlngpraflical  role  is 
derived : 

9.  The  fine  and  co-fine  of  i  minute  being  given,  to 
find  the 'fines  of  all  arches  from  1'  to  90"^. 

As  the  radius  =1,  is  to  the  double  co-fine  of  i  mi- 
nute, fo  is  the  fine  of  I'i  to  the  fum-of  the  fines  of  2' 
and  o' ;  and  fo  is  the  fine  of  2'  to  the  fum  of  the  fines  of 
3'  and  I'l  and  fo  is  the  fine  of  3'  to  the  fum  of  the 
fines' of  4'"and  a' ;  and  fo  is  the  fine  of  4',  to  the  fum 
of  the  fines  of  5'  and  3^^;  and  fo  is  the  fine  of  5'  to  the 
fum  of  the  fines  of  6'  and  4',  &c.  and  fo  on  from  raiifute 
to  miQute  uatil  the  fine  of  every  arch  in  the  quadrant  is 
found. 

In  the  application  of  this  rule  ;  becaufe  the  firll  term 
of  the  propoption  is  i ;  multiply  the  double  Co-fine  of  r 

mintUt 


3P^      9LM19   TRrGOWOMJBTRTf^ 

ainwe  by  the. third  tetati  aad/obtraA  the  next  lefi  lii».^ 
ftom  the  produa,  the  remainder  is  the  floe  fonght. 
-Exam.  It  is  required  to  fiod  the  fiae»  of  3!  aad  V?- 
Fpr  the  fine  of  3' 
double  the  cof.  of  i'  =:  1.9999999154 
fifl«  of  a'  rCTerfed=    3677185000^ 

P©999f9S^, 
'5999999 

i99999 
139999  , 

•  »3999- 
1199- 

59 


prodnftss  .001 16355250 - 
Stibtr.  the  fine  of  1'  =  .0002908882- 

wmajns  the  fi.  of  3'  =5.00087266413  ' 

For  the  fine  of  4'  -  • 

» -9999999154  I 
SMoe  of  3'  rerer.  i  34662  78000 

'59999993 
'3999999 

399999  ' 
I 19999  . 

11999 

799  • 
59  • 

'OO' 74532847  - 
Sobfr.  S.  of  a'  .00058 1 7763 


fT¥^ 
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'It  may  be  obierTed.that  the  doable  co-fine  of  i'  being 
r.9999999154  is  very  nearly  =  2  and  thcrrfore  when 
the  fine  6f  any  arch  is^  required  trae  to  7  places,  multK  ' 
ply  the  fine  of  the  arch  next  lefs  by  i'  jhan  that  whofe 
fine  is  fought  by  2  and  fiibtraA  the  fine  of  the  arch  next 
lefs  by  1'  than  thar'whafe'fine^ai  multiplied,  from  the 
produ^y  the  remainder  is  the  fine  required. 

■Exam.    It  is  required  to  End  the  fines  of  3',  4',  5' 
and  6'>  &c«  the  fine  and  co-fine-of  i  minute  being  known? 

S  of  2' =  .0005  8 1 7 763        S,  3*  =  .0008726644 
Multiply  by  2  a 


produft      .CO  1 1 63  5  ^%6 
Subtr.  S.  of  I'ss  tOOoapoMSa 


«'OOi7453288 
S.  a' =  ^00058 1 7763 


S.  of  3'  rr  .C008726644    S.  df  4'  ss  .0011635525 


B.  4'  =  .0011C35515, 

Moltip])r  by  *  -2, 

produA    ^002327 1050 
"Stobtr.  S.  3'=  .0008726644 


.^.5'  =s  •ooi45444X)6^ 


.002908881^2 
S.  4'  =  •0011635525 


S.  of  s'  =  . 0014544406        S.  of  6'     •00174532^7 

-a.  The  fine  of '22®  29' being  .3824147  and  the  fine 
ml  22*  30'  =  •38268343.:  required  the  fine  of  22*  31'? 

Sine  of  22^  30'  =  .18268343 
dMultipHy  by  2 


576536686 
SubtraS  the  S.  of  tx^z^     .3824 1 47 


'Tkc  S.  of  xH"  31'  =      .38295^1 


Tfun 
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Thmmay  the  fine- of  any  arch  be  calculated,  or  the 

tru.th  of  aay  fine  in  the  tabie  examined^  if  the  fines  of 

'two  arches  difierkg  by  one  minute  next  below  that  arch 

be  known  ^  than  which,  ~nothiog  more  eafy  can  be  de- 

fiTjed. 

xo^  The  radios  and  the  leingth  of  an  arch  being  given, 
to  find  its  fine. 

The  radius  being  15  call  the  length  of  the  given  arch 

4i'f  and  the  fine  of  tfaat  arch  is  « •- r-  -7-+  —  — ' 


^         -        "    *— &c. 


6        120^      5040 


362880  39916800 
'The  lirft  term  of  this  ferieg  gives  the  £<ie  of  any  arch 
lefs  than  x  degree,  true  to  7  plac^ ;  and  the  two  firft 
terms  gives  the  fine  of  any  arch  below  5  degrees  tme  to 
the  fame  number  of  plages  ;  but  in  greater  arches  more 
term's  of  the  feries  4Enuft  be  applied. 

Exmn*  It  -^is  ^rec|uir^d  to  calculate  tjie  fine  of  10  de- 
grees i  • 
.  Arch  of  i'  =  .0002908882. 
•Muidplyby                       6oo'c:io° 


..  1745 3 29206' 

Same  rev^rfed 

29235471. 

« 

174.53^20- 

'12217^044 

6981316 

>     •■ 

872664 

. 

52360 

«                      m 

3490  . 

1570  . 

• 

35 

it*  =  .0304617400 


«)* 


J 


ft  AHf  ^T^^JI  G  ONJOfMU-l  R  Ti»       3« 


s        *       -< 


• .,«»    =  .  03046  ^740»t. 
n^rcrcrfed-  .    29.27547T* 

.      .  3046^7400^. 

2i3232ilfa- 
1218489^^' 

6092^ 
a74X 
6r 

41^  =  .00531657642: 


tf) 


.0008^609607: 


fl'  =s  •00537657642^ 

•^  rerer fed  47164030^: 


15^497292 
2126630 

318994 
5316. 

212 


#Jf  =r  .00016195215 J 

\ 

— "==.  •   oocJoo  13  49601- 


1,=:    *I  7453^9^^- 

!—  s;  —  .000S86096 

^    L-. 

a 73646824^ 

—  +  0000013495 

120 

The  Sio*.b£  J0°=  .17364817a 
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to*  The  fame  things  being  given^  the  co*fiae  of  ao  arch 

1$    I  —      . .  -I L — >^ „ gfc. 

2        ^4      720  ^  40720      36'z»Koo 
Exam.  It  is  rdqnh-ed  to  calculate  the.  co-fine  of  10  de«^ 
greesy  or  the  fine  of  So  (Degrees  ? 

fl  *  =  .030461 740  1;  OOOOOOOOO 

rerer&d  47x64030.  a* 

■  I  z-  o   D      I 

9 1 38  jar  .984769  J  3<^ 

121847     ^±^^j^  000038663 

304  

213      Gb-fine.ofio'*=r.9848o7793; 
1 2      or  the  S.  of  80^ 


,4  — 


«♦=:      .0009279175 
—  =    .0000386634  '  ^ 

^6r/if  I.  thefe  feriefes  converge  fwiftly  xh  arches  near 
the  beginning  and  ^nd  of,  the  quadrant,  but  very  flowly 
in  thofe  near  the  middle;  and  therefore  the  fines  of  the^ 
firfl:  and  laft  10®  being  calculated,  the  fines  of  the  inter- 
mediate  arches  may  be  found  more  cafily  My  the  former- 
rules.  ,  .    -;    ,. 

2.  The  fame  feries  will  ferve  for  finding  the  fine  of  any^ 
arch  however  exprefled ;  for  example,  fiippofe  it  were 
required  to  calculate  the  fine  of  one  fixteenth  part  o£  the 
qaadram,  or  5^  37^  30''  ==  33  7- 5-  minutes. 
Length. of  i' =.60.0^4908^82 
Multiply  by      317.$^ 

14544410 
203^2^74 
8726^4^ 
^  8726646     ,  . 

#  =  .09817476750^ 
jr*  =  .0096^828497 
41'  =;  .0009462;  63  8^' 
•        0^  ss  .00000912008 


J 
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•j-=  —  .00015920(50 


^20 


•0980155615 

SSI+  .0000000760 


Sine  of  5^  37't  =  .05;8oij;^375 

The  table  of  fines  being  made,  the  tangents,  lecants^ 
«nd  verfed  fines  may  be, calculated  by* the  following 
fheorems : 

1.  The  CO- fine  of  any  arch  is  to  its  fine  as  the  radius 
Ssto'the  tangent  of  that  arch.    Plate  2.  Fig.  25. 

Let  DB  be  an  arch  of  a  circle,  DE  its  fine,  CE  its  co- 
fine,  and  CB  the  radius^  The.  two  triangles  C£D,  CBG 
tre  equiangular,  becauie  the  angles  at  E  and  9  are  right, 
and  the  angle  at  C  common  to  both  \  therefore  their  fid^s 
are  proportional,  viz.  as  CE  :  ED  : :  CB :  BG,  the  tan*- 
gent  of  the  arch  BD. 

Exam*  Let  BD  be  an  arch  of  jo%  its  fine  D£  =^ 
•50000QO;  its  confine  =3  .3660254:  required  the  tan* 
gent  of  30°? 

Cof,  Sine  iJ.  Tang* 

As  .8660254 :  .5000000  ::  t    :  •57735027  =  60 

•8660254}  .50000000  (•57735027  =  the  tangent  of  300* 

2.  The  fioa  of  15^  ::=  .25881^45  and  its  co-fine  = 
^965925 8 ;  required  the  tangent  of  15^  ? 

As  .965925 8  :  .258819045  ::  i  :  26794917 

.9659258)  .258819045  (.26794917  =*hc  tangent  of  15^ 
2.  The  fine  of  any  arch  is  to  its  confine  as  the  radius 
is  to  the  co-tangent  of  th^  arch« 

In  the  fame  figure ;  the  triangles  CDE,  CIH  are  equi- 
angular, for  the  angles  at  £  and  H  are  right,  and  the 
ADgle  DC£  is  equal  to  the  angle  at  I  becaufe  CB  is  paral- 
lel to  HI}  therefore 


$6       jP.iAlJN    TR;I 

As  DE  :  EC  :  ^  CH  t  HI  i?  4ie  co-tangent  of  tho 
arch  DB 

Exam.  Required  the  co-tangent  of  15° ;  its  fine  be- 
ing .2588190  andco-fme  •9<S59258  ? 

As  .2588190  :  r «9<$j;^9a;8  ::  i  :  •37320513  =  the 
-co-tangent  of  15°* 

3.  The  radius  is  a  nfean  proportion^  between  the  eo- 
cene oT  any  afch  and  itsfecanti  orasCof.  •:  R  T^-  R  I  Sec 

For  the  triangles  ££D  :jCBGafefiflii]ari  ashasbeea 
(hewn,  therefore  as  EC  :  CD  I :  BC  or  CD  :  CG-the  fc- 
^anrof  thearSiBD. 

Exam^  Xct  BD  be  an  arch.  of.  30% ,  ita-  oo^iinib  k 
'Ji66o2S4*f  -required  the  fccancof  3^°  ? 

As  .&660254    :    I    ::    i  :  1.1547005*^00. 

-.•8650254)  I  o.ooodoooo (i.r 547005  =3the(ecant of  30*« 

4.  The  vcrfed  fine  of  any  arch'lefe  than  jjo**  is  the 
^ilTerence  between  its  cO-fine  and  the  radius :  thus  the 
^dilTerence  betweeo  the  radium  CB,-  and^the  <K)4ine  CE  is 
-BE,  the  verfed  fine  of  the  arch-BD  ;  and  the  verfed-finc 

of  any  arch  greater  than  90^  Is  the  fum  ^f  the  radios 
and  the  co-fine  of  that  arch. 

Let  AHD  be  an  arch  gr^eater  ^aa.90^»  its  fine'  is  DE 
■and  confine  DF  or  CE4 ,  Npw  it  is  maoifeft  that  the  vcr- 
ied  iine^  of:  the  arch  AMD  is^AEj  which  is  the  fum  of 
its  CO- fine  EC.  and  the  Tva4iu»)  AC.^-HQnce|<  the  co-fine 
^f  any  arch-bding  give^^  its  v^ed  fine. may  be  found. 

:EMam,  i-  Theco-finaxj£59%i$sSt3959a6a  :;.Rfiqulr- 
^icd  the  veried. fine  J 

From  the  radius  •   i  oojO^>c^o 

^ubiraft  t93969a6z.  *    . 

Tlie  verled  :rmc  of  ao''  ^  .Q60iQ738 

■  ^  2\  The 


. ,  ,^  J]fc.m<^  flf^i^o^b  ,-7,6^Q4r«a-ft  What  i«:tlie 

To  tjw  radial, ,.,,     .  - -liOfioooooo   s 
Add  Ac  coTrine.  .  ,0.7^604443 

The  vcrfed  iio^of  146°=  1.76^04443 
Thcfciiajes,  tangents^  fccants  and  yerfed  fines,  here 
treatec^ofy  are  called  Datural  iioeS) , tapgentSi  &c..aad 
the  Ipgarithms  of  th^  Dumberaare  cialled  J^ogaritbrnic 
.fine^.  t^geots,  &c.  Tables  of.  ejthl^  khi  ar<i  called 
<h^  trigoaoo^trical  Canon  ^  fpr  by  tl^em  all  the  €aics  of 
Trigonometry  may  be  folved,  as  wjm^npcaj;  farther  on. 
Plain  triangles  are  either  right  angkd,  or  oblique 
.angled ;  and  each  kind  hath  ieveral  ca&s* 


RIGHT    ARGLED    TRIANGLES. 


1     •»•'. 


.  A  •  .    .        ,      , 


In  the  riglMijfmgl©^  plain  jtfiapgl^n ABC,  Gippoh, ilht 
two  fides  AB  and  BC  were  .^ye^if: and  ii*  were  fc^joired 
to  tfind  the  angles  at  A  and  C. 

If  the  given  fides  are  equal  between  tb^XBi€JV<S9..ieach 
«f  the  acute  angles  is  b^U  ajight  %ng\^  (Mr  VIS'';  tbat,  if 
r fjpvU^e. ^Pg^^?fPfiji.bf  &>.Qad  by  iWs  p9]poriion :  ' 
; ;  .^^$.onc-f>f  .thft  ^ftrifdes 

..,.:l[^,t9r.thc70tJ^fV    .:•..'. 
.  ;»Sp  isth,^  radias  ,;       .-.  •   .r  : 

vTp/h^jaogentl^f;  the  ^ngiOc^aoeot.'to.the'&ft  fid*. 

:lFflrip^pducae/M,anA  AGiaD  indKi  fo  that  AP 

may  be  equal  to  the  radJutf..  .  About  the. center.  A, ^with 

ijic  radii  AB  and  AD,  .deftribe  the.  ar&  B/  ind'.DF, 

.  ':iv^ora,tac|SrtQ{g^e'J9G(and  D£;  each  of  tfaefe  ilrcs  is  the 

jneafure  of  the  aqg\^  ^,  A><  and'  the.  tliangles  ABC  and 

-A  ^AJDE 


-^      -PtAIN   TRIodtldMETft'tl 


-ADE  are  fimilar:  Now,  -finer -AB^, -B€,  and' AB- are 
iinown  ;  DE^  or  the  tangent  of  the  angle  at  A  iaizjtc 
foand  thus  ai  AB:BC: :  AD:DEv--That  is, 

As  AB:BC:  :Rad  : Tan.  A.    Hence, 

As  any  fide  of  a  right  angle<f  plain  triangle 
'  Is  to  the  other  fide  ^oiitainin^  the  right  anglet 

So  is  the  radius' 

To  the  tangent' of  the  angle  adjacent  to  the  firft  fide. 
In  the  fame  matiner  it  appears,  that  .CB:BA:  :Rad.: 
'Tan.  C;  and  whctx  'either  angle  is  found,  fnbtrafk  it 
-from  900,  and  the  remainder  is  the  other  angle. 


CASE      II.      JRfp.aS. 


^  ^     »i 


In  the  right  angled  plain  triangle  ABC,  fuppofe  the 
hypothenufe  AC  and  the 'fide  AB  were  given)  and  it 
"'^tere  required  tafind  the  angles  at  A  and  C. 

«  _  ■ 

'As  the  hypothenufe  AG 
Is  to  the  fide  AB,       •  - 

So  is  the  radius  ..:    . 

.    To  the  fine  of  th«  angle  at  C.       - 

Malce  CE  equal  to  the  radius  $  and  about  the  center  C 
defcribe  the  two  arcs  An,  E^,wh6fe  fines  are  AB,  ED ; 
either  of  which  is  the  fine  of  the  angle  G,  ^according 
to  the  radius  aflumed  :  And  becaufe  the  triangles  ABC, 
,  £CD  are  fimihr,  ^and  CA,  AB^  and  CE,  are  kiiowii ; 
<  !ED,  09  the  fine  of  the  angle  at  C,  may  be  found  thusj 
,  AsCA:AB::CE:fiD;  thatis, 
AsCA:AB::Rad  :SineC. . 

In  the  fatne  manner  it  may  be  demonflrated,  that 
.AC :  CB : .:  Rad  :Sine  A.    Therefore, 

As 


PJ5i-IN    THIGOJIJOMETRT..       3^. 


>.  .  .  «   • 


'  As  the  kypQthieiiu& 
If  tp  a»y  fidp„ 

So  18  theradias^   »  . 

"   -*        >^  ■  —       ... 

To  the  fine  of  the  angre  oppofite^to  t&at  fide*. 

Heoce  we  have  rules  for  finding  any  part  of  a  right 
angled  plain  triangle,  the  hypomenin^)  ot  a  fide^.  andi 
aiqr  other  two  of  iti^fiis  pattvbeiog  givieh*^ 


r     ' 


-»       «.»J       \»       AJi         .«i 


CASE      YSL      Ftg^  tTk   : . 

•         •         •  • 

Id  the.  right,  angled .  triangle  ABC>.  fuppofe  the  fide- 
AB|  and  the  angles  at.  A  and  C  were  given,*  to.  find.  the. 
fide  BQ  and  the  liypothennfe  AC 

t.     To  find  the  fide  BC. 
Since  by  Cafe  i.    AB  :     BC      : :  Rad- :  Tan.  A,. 
Therefore  Bad.  :  Tan.  Ar.      AB:BC. 

2«    To  find  the  hypothenu(e  AC. 
Since  by  Cafe  2.  AC  i  AB  ::  Bad.  :  bine  C^ 
Therefor*      Sine  G.  :  Bad.  : :  AB. :  AC*. 


CASE      IV.      Fig.^%\^ 

Ta  the  right  angled  triangle  ABC,  fappoie  the.  bypo-^ 
thenufe  AC,  and  the  angles  A  A  and.C  were  gjveni  and 
it  were  recyiired  to  find  the  fides  AB  and  BC. 

u    To  find  AB* 
Since  by  Cafe  2.-  AC  :,    AB  :.:  Had.  :  Sine  C  ;    , 
Therefore         Bad.  :  SineC::  &Q   :  AB. 

•  -  • 

.     2.    To  find  BC. 
By  the  fame  Cafe^  Rad.  ;  i>ine  A  -  AC :  CB. 

ExA^ii- 


4^:       FEAEN-  ITHlGONJOIffHrRT.  i 

Examples  in  right  ang/ediTrid^gbul  ^ 

Casb  I.  Fig.  27.  In  the  right  angled  ^iaog^  ^MBC^ 
there  isg^vea  the  fide  AB=^29J|  and  BD^i6^*'ta  fbkd* 
theaoglesit^*Aail(PC£-'^    '''-' 

•     •  .  ■"    - 

qaNSTR,ircTidiiri 

Make  the  rig^;sm^J\£0:r:  taktf 'the  mnnbeM-'esi^ 
prei&Qg  the  lengthy  of  AB  aad  BC  from  a  fcale  of  eqaat 
parts,  and  fet  them  from  B  to  A  and  C ;  then  Join  AC^ 
and  the  triangle.ii  4cicribedL~c 

Meafure  the  angle^at  A  by  a  line  of  chords,  or  pro-^ 

ttii^fe>r^  an^  (bbcraft  Ir>from^9ot>,rtfae  Temaxnder  is  ibm 

angle  at  iCLv 

Making  AB  Radius^  we  .have. 

As    AB    429^  ^.632457r 

Is  to  BC     .316  2.499687  X: 

So  is  the  radius  (tang.  4^5?) .  ro.oo©oooo  . 

To  tangent  A  36?  2 2^  9.86722918^*^ 

Whofe  complenictit  53«  38'  is  the  ahgle  CL    * 

'       •  •     •  • 

ExAU.  -2.  i%."29.  Suppofe  :thiere  are  three  ekics,  E;, 
D,  and  C,  fo  fituate,  that  E  is  542  miles  direftly  weft  of 
D,  and  C  318  miles  north  of  D  y  it  is  required  to  find' 
the  bearing  of  .e  from  E  ?  That  is,  in  the  right  angled 
triangle  CDE,  there  is  given  DE=5 42,  and  DCz=3^i8  |- 
to  find  the  angles  at  E  and  C  * 

AHsW.-E=3b^  24''C==J9°  36'.  ' 

3.  When  the  fiin  fhines,  fuppofc  a  tower  of  147  ffcet^ 
high,  projcifts  a  (hadow  of  219  feet' 6  inches  on  the  ho- 
rizorital  plain,*  What  is  the  'altitude  of  the  lun  at  that 
time?       An&w:  33^  48'.     '  • 

Case  2.  -F/^w  28.  In  the  right  angled  triangle;  ABC^ 
there  is  given' the  fide  AB^'286,,  and  the  hypothenufe 

AC=:/|63  J  to  find  the  angles  at  A  tind  C* 

.       CON- 


FLAIl^   TlUQQlfPMETKT.       41 

CONSTRUCTION* 
Malce  the  right  angle  ABC ;  take  the  mmH^  e:|cpre& 

fag  thie  Uf^fh  of  A& from  sk.  icale  of  equal  part$»  and 

fiat  it  from  B  to  A  ^  tak^  aifo  the  numbep  exprelfipg  tjlvp. 

length  of  AC  from  tbyciame  fcal<&»  and  fetting  one  foot. 

of  the  c(Hiipa0e$  in  A,  with  tfaeothq*  cro&  the  liae  £C  ia- 

C|  draw  the  ftr^igh  t  l\^s  AC,  and  the  triangle  is  defcrib^. . 
Meafdre  the  angle  ACE  by  a  line. of  chords,  and  fob^- 

trafi  it  from  90%  the  remainder  is  the-angle  CAB*  .* 

Making;.  AC  xadittc^  ve  have  ■: 
Ai    AC    4^3^:  2^6558x0^ 

htoAB    a86  2^4^6^660  < 

So  is  the  radios  {Cite  90^) '  ioaooooooo  > 

To  fine  C  38°  8'  9:.  7907  850 

Whole  complement  5 1°  52'  is  tlfe  aogle  at  A. 
If.  Bk  When- the  proportion  lies  in  tangents,  the  lu^ 

cBos  is  the  tangent  0(^45'^  $  ^and  when  in  fines,  jradios  is  ^ 

the  fine  0^90**.  ^ 

£sAM»  2.  Rgi  30.  Snppofe a  ihtpfails^ between 'fomh  • 
and«wefl  from  £  to- C  500  miles,  and  thereby  makes- 
)oo  miles  of  fbmbingpDfivKwhatv  was  the  angle  of 
conrfe  ;CBIK? : 

Here,  in  the  .right  aogled  triangle  CDE,  there  is  given 
€£2=500,  and  £D^3po,  to  find  the  angljcs  at  C  and  £• 

Ak$w»X^36*' 52V--and  thecourfcisS;  53^8'  W. 

3^  Sappoie  the  .hypothenofc  of  a  Tight. angled  triangle^: 
»  273  miles,  and  one^of'  its  fides  is  194  miles  f  required  :> 
the  two  acote  angles f.  Anaw.  45°  I7>40d.44°  43% 

Cask  3.  i%xi7-^  Jn  the  right  angled  triangle  ABC^> 
there   i&  given  the  fide   ^^1^476,  and  the  angle  at 
h^^i^  9^  \Xo  find  the  /idc  BC  and  the  hypotbcnofe  AC 

A^.  w,  BC;?5i3..i  AC=()99.9. 

F  CONw 


42^      PLAIN    TRIGdl^OMETRT; 

CONSTRUCTION. 

Make  the  angle  at  A  of  the  given  quantity  by  a  line 
of  chords  or  protraftor  j*  take  the  given  length'  of  AB 

» 

from  a  fcale,  and  fet  it  from  A  to  B' ;  from  B  'raife  the  - 
perpendicular  BC  and  the  triangle  is  dfcfcribcd. 

Meafure  BC  and  AC  by  taking  them  fevcrally  in  the 
compafTcs,  and  applying  them  to  the  fcalc  from  which' 
AB^  was  tikea. 

1 .  Making  AB  radius. 

As  Rad.  tan.  tan=45®-  to;ooooooo  . 
So  tan.  At=47'  9'  10.0326241 

So  is  AB:=:  476  2.6776070 

To  BC::=  Sn-i  2.7102311 

2.  Making  AG  radius. 
AaS|nc  C=:42'' 51'     9.8325609 
To  radius  =  S.-9o^     le.ooooooo 
SoisAB=:476  2.6776070 

To  AC  =2  699.9         2.8450461 

Exam.  2.  Rg.  30.  Suppofc  a  fliipfailS'S.  W,  by^S.* 
until  fhe  hath  made  3 19. miles  of  ibntbing;  how.inaoy 
miles  hath  fhe  failed,  and  how  far  is  fhe  weft  from  thft 
meridian  of  the  place  failed  from  ? 

Here,  in  the  right  angled  triangle  CDE,  there  is  givctr 
ED=3i9,  and  the  angle  at'E=:3.3''  45' ;  to  fiodEC  and 
CD. 

Answ.  EC  3^83.6  m*  and-CD  213.  i. 

3..  When  the  fun's  altitiide  is-  30^^  20',  foppofe  the'fta-* 
dow  of  a  tree  on  the  horizontal  plain  is  d^  feec  3  inches  \ 
what  is  the  height  of  the  tree  \  and,  whatis  the  diftancc 
from  the  top  of  the  tree  to  the  extremity  of  its  ffiadow  ? 

Answ.  The  hqght  of  the  tree  is  40.5  feet,  the  otlicr 
80.23  feet. 

Case 


PLAIN    TR'IGOKOrtBTRt.        43 

♦ 

*.Oase  4.  'Fig.  aS.'ltt  the  right  angled  triaDgk  ATBC^ 
4faire  k'^vepL^tfa^  bypttduiwiie  AG^         ^4  the  angfe^ 
at  C=4Z°  13' ;  to  find  the  fides  AB  and  BC. 

Answ.  AB=239.8,  60=2.64.3 V 

CONSTRUCTION. 

Make  the  angle  CAB  of  the  given  qtiantity ;  take  the 
number  exprefljng  the  length  of  AC  from  a.  fcale  of 
equal  parts,  and  fet  it  from  A  to  C^  from  C  let  fall  the 
perpendicular  CB,  and  the  triangle  is  dcfcribed. 

Meafure  the  fides  AB  and  BC  on  the  fcale  from  which 
AC  was  taken. 

Making  /lC  radius. 

1.  As  radius  =  S.  90**  10.0000000 
ToSineC=42*  13'  p. 8273279 
So  is  CA  =  357  2.5526682 

To-AB-  =239.8     -     2.379996^ 

2.  As  radius  =8.  9(5?** ;/-  io.oooqoo 
To  Sine  A  =  47'' 47'       g.eiSg5^9i 

So  is  AC  =  357  2.552^632     ■      '  , 

^  tfW^H^M*  ^^^H^W  a^MW^I^ 

To  CB      =264,3  a-4^22^73 ' 

Exam.  2.  Tig.  29.  Suppofe  the  flope  fide  of  a  hiil^r 
CE  is  3625  links  of  a  (iirveying  chain,  and  the  angle  of 
afcent  at  E  is  ^9°  30' ;  what  is  the  length  of  the  Kori- 
zontal  level  ED,  and.the  perpendicular  height  of  thc;hill 
CD?       Answ.  ED=34i.7CD=i2io.     . 

When  the  two  iides  of  a  right  angled  plain  triangle 
arc  given  to  find  the- hypotlienufe  ;  or^  when  the  hypo- 
thenufe  and  bne  of  the  fides  are  given  to  find  the  other. 
Jide  J  the  problem  may  be  folved  by  the  47/^  prpp*  of^ 
Ettclid*Si  I  B.  as  follows*: 

I.  When  the  two  fides  are  giveo^to  find  the  hypothec 

oule. 

Fa  Square 


•4*       TLAIM   TEIOOWOHETRT. 

SqoaM  etoh  oF  the  Met,  «dd  ritem }  iiMd  flKtrift  the 
^Iqutre  foot  of  the  fiMl  i  thetoot  it  theitagth  tf  the  k^ 
^pothennie. 

Ex  All.  Fig.  27.  Let  A&S429  auid  BC=:3i6h  rt- 
vjqmred  the  leogth  of  the  liypotheoore  AC  i 
Aks'w.  53a.8a. 

To  the  fquare  of  AB=:  184041 
Add  the  fquare  of  BC  =  99856 

The  fqm  is  the  fquare  of  AC  =-283897 

And  the  fquare  root  of  28.3897  is  53a*9aae  AC* 

2*  The  hypotheoule  aod  ofte  fide  being  ^ven  to  find 
the  other  fide. 

SubtraA  the  fquare  of  the  ^iten  fide  from  the  (quare 
^^f  the  hypotheniile,  and  extrad^  the  fquare  foot  of  the 
^remainder  s  the  root  is  the  length  of  the  firie-f  e<|Qtred« 


Exam.  Rg.  28  J  Let  the  hypothenufe  ACS4639  tod 
the  fide  ABssaSd^  r^uired  the  fide  BCf 
Aksw.  364*1 

From  the  l<iuare  of  AC =2 1436^ 
'  Subtraft  th&fquareof  AB  s:  81 796 

There  remains  the  fi]uafe  of  BC-j  132573 
And  the  fqUareroot  of  132 j;73  it  364. i  =  B6» 

Or,  becaufe  the  dilFerence  of  the  fquaret  of  any  twe 
vilraigbt  lines  it  equal  to  the  reftaogle  contmned  vndet 
'tlidr  fum  arrd  difTerence ;  the  laft  problem  nlay  be  folved 
thus :  multiply  the  fum  of  the  hypothenule  and  given  fide 
^j  their  difierence^  the  fquare  root  of  the  produA  is  the 
Hkngth  of  the  fidef  eqmred. 


fn  tbe  laft  Examplfri  AG+  ABs749,.iffd  ACl- ABs 
177«  thea  74(^X  17721325)33:1110  fi{4tr9  of  hC,  i$  h^ 


OBLiqXJE    ANGLED    TRIANGLES. 

Vfhesk  one  fide  of  an  oblique  angkd  trmiigle,  and  all 
fhe  angles  ttre  givtsn,  to  find  the  6ther  two  fideri 
ttf  wheh  two  fides  with  an  angle  op(x>(!te^to  one  of 
\them  ar^  gi^en^  to  ^nd  the  other  two  angles  aUd  the 
chtrd  Mt^  ih^  folntion  depends  on  the  fotlolving  tbeo* 
Tern. 

Any  £de  of  a  plain  triangle  h  to  any  other  fide^  at  th^ 
line  of  the  aagk  oppofite  to  the  firft  iidei  is  to  tbe  fine 
of  the  angle  opposite  to  the  other.  Fig.  31.  Let 
ABC  be  an  oblique  angled  plain  ^triangle,  let  fall  the 
perpendicular  AD ;  t&en,  by  C^fe  2.  of  right  angled 
triangles. 

As        BA:At>::Rad.:Sm€B, 
And  as  CA:  AD: :  Rad. :  Sine  C> 


■MMM** 


Thetftfbre  B  A  x  Sihe  BzsC A  x  Sine  C 
Confequcntly,  as  BA:  AC;  iStne  CSlne  B. 

In  the  fame  manner,  it  might  be  demonftrated,  that 
any  other  two  fides  are  to  each  other  as  the  fines  of  their 

-^ppofite  angles;  and,  on  the  contrary,  the  fine  of  an 
angle  is  to  t&e  fine  of  any  other  angle,  as  the  fide  op** 
pofite  to  the  firft  angle  is  to  the  -fide  otppofite  to  tb€ 

'^tlien 

€asB 


4«        PXAIlfJ    TRIGONOMETKT. 

Case  i.  jP%..3I.  'lb  the  obliqoe  angled  ttiatigte 
tA.6C,  ithere  'is  giTeocithe  Hide  A.C=:.a5(i)  ^he  angle  at 
£  =  40''  34',  and  the  angle  at  C=:5<f  ;  ^o  find  the  fidfk 
AB  and  BC. 

CONSTRUCTION. 

iWake  the  angle  at  C  of  the  given  qoantity  by  a^lHic 
of  chords  -y  take  the  number  exprefCng  the  length  of  AC 
Froftfi^a  fcale  of  eqaal  parts,  and  fet  it  from  C  tdi'A  i 
theo  it  the 'point  A,  make  the  angle  GAB  ^f  the  -giveft 
quantity,  and  the  tcianglQ  is  dcicribed.  Meafare  AB 
and  BC  on  the  fcale  from  which  AC  was<  taken*      - « - 

nSabtraS  the  fdm^of  the  angles  B  and C from  iSos 
the  remainder  is  the  angle  at  A  y  and  then, 

']'"    AsSine  B:SineC:-CA:AB=:326.:34, 

'As  Sine  B:Sine  A::AC:CB=39t.o6. 

*■'  »     ,.  . 

N^  J5.  When  two  of  the  angles  are  e^tial,  the  fides 

ipppofite  to  them  being alfo  equal,  the^cafewlll  be folvc3 
by  one  proportion. 

Exam.  In  the  triatigle  ABC,  fuppoft  the  fide  AC=: 
256  and  each  of  the  angles  at  B  and  C=:jS7**  39' ;  re- 
quired the  fide  BC  ?  .  - 

Angle  B  =  6f  39'      .  From  i^o** 
C  =t  §7    .39        Subtr.  i^35  i«-  ^  •  " 

Sum     i}5     lU  Angle  A:i'44  4a 

As  Sine  B  =  6f  39'  9  9^5^^S3 

'    '         To  Sine  A  =  44    42  9*^4T^99^  ' 

So  is  AC  =  756  2.40S740O' 

To    BCi=  194.9         •  12  2554391 

\    ^  '  2.289823S 

^xamI  2.  Ftg-  32.  ISappofeD  and  E  are  twoRatloifs 

» •     « 

from  whence  the  objeA  C  caa  be  feen,  and  the  angTes  ^t 

D  and 


Tf  <iud  £  meafated' ^itft  ddihfVmfhenf ^^anfd  the  diftoncs 
of  the  ftations  DE  mealured'\vhfi  a  chain,  add  tt'^re 
required  to  find  tfie  idiiflance  ot  jHeobjeft.C  Uom  ^ach 
ftation.  .         .  '  '  ... 

Let  DE*.r4'7Q  fee'ti  the  angle  at  0=36^' 50^,  and'  the 
angle  at  £=47®  9' j  required" the  djftanccs  DC  and  CET? 

Answ,  DC- 353.1  CE=288.7. 

3;  The  diftance  of  two  mountains  lying^eaft' and  weft 
of  each  other  is  29' miles:  There  is  a  third  mountain  to 
the  northward' of  tKefe,*  fo  fitiiated',  that  the  angle  coni- 
tainedby  a  right  line  drawn  to  it  from  the  eaflern  mpuo- 
tain,  and'  the  Tine  joining  the  two  nrft  mountains  is 
52^  12'  >,*  and  th^  angle  contained  bj  a  fight  line  drawh 
.to  it  from  the  wcfiern  mountain^,  and  the  line  joining, 
the  two  firft  mountaina  is  68°  28':  Required  the  diflance 
of  the  third  mountain  ffom  each  of  the.othcrxwo  ? 

An sw.. 3 1. 36m.  and  26. 64, miles.- 

Ga'Se  2.  jPig^.^i.    lo' the*  obtiqne  aogled  rriaogle 
.  ABC,  there  is  given*  fhe  fide  AB^r^z^,  and  BC=:469; 
'-with  the  aagid  ai  A=:8oP  30.^^.10 find  th&apgles  atB  and 
G)  :a2id  the  iid&  AC«L 

construction:     ' 

'  Mate  the  angle  BAG  of  thte  grven   quantify;  take 

'AB  from  the  fcal^j  'and  fet  it  from  A  to'  B  ;  then  tai^c 

'BC  from  the  fame  ftiale,  andfcttkigone  foot  of  the  com- 

pafles  in  the  point  B,  with 'the  otiiei*  crofs  the  line  AC 

•  ift-CdtiH  JokiBC,  and 'the  triangle  •  is  rfefcribed. 

-•  "Meafure  th€  angles  at  ft  ^nd-C  by  iltcMfrfe  o^  chords; 

otfilimearuVe^ Afc otf thcfa&r'fcale'^rom-' which AB-  and 

^BC'iv&re  <akcii»  •  '''  ^'^•' 

Tolfittd-thfeaBgle^atC   •*    '   •    * 

A«"BC  :.BA: :  Sine  A.'Siac  0=40^  s^-whlch  add^fo 

the 


•   •« 


K         \ 
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the  imgTe  at  A,  wi  fnhtnfk  the  (bin  frpm  ^  i|o<^».  tht 
fcm^inder  is  the  apgl^  at  B. 

"lb  fipd  the  fide  AC 

As  Sine  ClSinc  B:  :BA;  AC±r395.45. 

^,  B.  In  tdis  cafe,  fF  tbe  an^e  at  A  be  rigt^pr  ob- 
tniei  tbe  aogie  at  C  being  acute^  will  be  fouod^oot  by 
the  proportion  y  bat  if  the  angle  at  A  be  acmej  thean-^ 
^le  at  C  may  be  either  acute  or  obtufe,  and  therefore 
rile  (pecies  of  this  angle  cannot  be.  known  by  the  fonrth: 
proportional ;  bat  m^ft^  be  determbed  before  the  folation- 

•   '  ' 

J8  begun* 

ExiM.  z,  Fig^  3^2»  Iq  a  triangular  field  CDE^  fop- 
pofe  the  angle  at  C  was  meafufed  with  an  inftrument^, 
and  found  to  be  70^  50';.  and  tbe  fides  CE  and  £I> 
being  meafured  with  a  chain,  C£  was  49P  linkS|.  and' 
ED  532  links ;  rcquiredcthe  angles  at  D  andEj  with  the: 
kngth  of  the  fide  DC  ?  ' 

Answ.  D=6o*^  27',  DC=423.2. 
*  3*  Let  twoJtdes  of  an  oblique  angled  plain-  triaagle: 
be  500  and  300,  and  let  the  angle  oppofite  to  the  great-^ 
.eft  fide  be  70^  39'^  required  the  other  two  angles. and', 
the  third  fide  ?     An s  w.  The aog}es  are  34°  26' and  75^ 
4'  and  the  fide  5 1 2.6#. 

Th«oe£m,  Fig.  23'  The  half  difference  of  any  two  • 
quantities  added  to  .their  half  fum>  prodnceth  the  greater  r 
.qpandty  1  and  their  half  difference  being  taken  from- their  > 
half  fam  leaves^  the  leffer  quantity* 

Let  AB  and  BC  reprefent  two  quantities^  whpfe  half 
Am  is  AF  or  FC;  and  h^f  drffcrenee  FB*  It  is  ntani* 
rfefti  that  FB, .  the  half  d;iflercnce, , siA^ti. \o.A^  the  Wf 
futni  is  equal  to  AB,  the  greater  quantity  s  m^  ^9  the^ 
half  difference,  being  taken  from  FC,  .the  half  funr^ 
leaves  EC  the  l^fler  qvaiukj. 

Case 
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« 

Case  3.  Ffg*  34.  T^m  fides  of  in  oblique  angled 
triangle  AB  and  BC,  with  the  angle  ABC  contained  be- 
\  tween  them,  b^ing  given,  to  find  the  other  angles  at  A 
tfad  C,  and  the  third  fide  AC. 

If  the  two  given  IFdes  are  equal  between  themfelves» 
fubtraft  the  given  angle  from  180°,  and  half  of  the  re- 
mainder is  either  of  the  other  angles  ;  and  find  the  third 
iide  by  Cafe  i. 

If  the  given  fides  are  ttneqnal,  the  angles  may  be 
Iband  fay  this  Theorem.  , 

In  any  plain  triangle  ABC,, 

As  the  fam  of  any  two  fides  BC+BA.     - 
Is  to  their  difference  BC — BA 

So  is  the  tangent  of  half  the  fum  of . 

A4-C 

the  angles  oppofite  to  thofe  fides     X- 


T#  the  tangent  of  half  their  di^rencp 


2 
A-.C 


Take  BE  and  BF,  each  equal  to  AB ;  join  FA  and? 
AE  5  and  through  G  draw  CD  parallel  to  AE:  Then? 
F,  A,  E,  are  points  in  the  circumference  of  a  circle 
whofe  center  is  B,  and  FAE,  FDC  are  right  angles  j  FC 
is  the  fom  of  the  fides  AB  and  BC,  and  EC  their  diffe- 
»ence. 

The  angle  BAE  is  equal  to  the  angle  AEB,  and  their 
fum  is  equal  to  the  fum  of  the  two  angles  BAC  and 
ACB;  becaufe  the  angle  ABF  is  equal  to  either  of  thefe 
Hims  5  therefore,  the  angle  AEB,  or  its  equal  FCD,  15 
the  half  fum  of  the  angles  BAC,  ACB  j  and  the  angle 
EAC;  or  its  equal  ACD,  is  th:ir  half  difference ;  be- 

G         "^  caufe^ 
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caafe,  this  added  to  BAE,  their  half  fnta,  is  equal  to 
B AC,  the  greater  of  the  two. 

Making  CD  the  radius,  FD  is  the  tangent  of  the  an- 

•  

gle  FCD,  the  half  futn,  and  DA  is  the  tangent  of  ACD, 
the  half  difference  of  the  angles  BAC  and  AGB  ;   the 
triangles  AFE,  DFC  arc  fimilar ;  therefore^. 
As  rC:CE::FD:DA5  that  is,. 
As  FC,  the  fum  of  ,AB  and  BC, 
Is  to  EC  their  difFerence,  *• 

So  is  FD,*  the  tangent  of  half  the  fum  of  the  angles 

BAC  and  ACB, 
To  D4j  the  tangent  of  half  their  difFerence. 
The  half  diiFerence  added  to  the  half  fura,  gives  the 
greater  angle,  and  fubtrafted  gives  the  lefler. 

Exam.  i.  .hi  the  oblique  angled  triangle  ABC,. 
there  is  given  the  fide  AB=3i7,.the  fide  BC^429,  "with- 
the  contained  angle  at  3=48°  40' j  required  the  angles  ^ 
at  A  and  C,  and  the  fide  AC  ? 

CONSTRUCTION. 

Draw  jthe  ftraight  line  BC,.  and  at  the  point  B  make 
the  angle  A^C  of  the  given  quantity ;  take  the  numbers 
cxpreiEng  tffe  lengths  of  BA  and  BC  from  a  fcale  of 
equal  parts,  and  fet  them  from  B  to  A  and  C,  then  join 
AC  and  the  triangle  is  defcribed. 

Meafurc  the  angles  at  A  and  C  by  the  line  of  chords", 
and  meafure  AC  on  the  fcale  from  which  AB  and  BC 
were  taken. . 

429  180°   00  • 

317  48    40 


74<3=BC+BA*  2\  131''  2o'=;Sum  of  the  ang.  A  and  €• 


1 1 2=BC— B A        65  ^  4o'r=their  half  fum. 

As 
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As    BC+BA  =74S  To  the.  half  fum  65°  40' 

istoBC— BA  =112  add  the  half  difF.  18  22 

So  is  tap.A+C  =  650  40'  

2  Greater  ang.  .A=:84    02 

To  tan.  A^C  =3   18^22'  From  the  half  fum  65^  40' 

2  Subt.  the  half  difF.  18    22   , 


The  lefler  ang.  C=47^  18^ 
Having  found  the  angles^  the  fide  AC  is  found  bf 
Cafe  1.  thus,  as  Sine  C:Siae  BI  'BA*  AC=:323.8. 

Exam.  2.  Fig.  2^.  Suppofe  CDE  a  triangular  field; 
the  fide  DE  being  meafuredt  is  564  iinks  of  a  furveying 
chaiOi  and  EC:=:368  links;  alfo  the  angle  at  £  being 
neaiured  with  aa inftrtunenti  is  54  20';  what  are  the 
angles  at  C  and  D,  and  what  is  the  length  of  the  fide  ^ 
CD  ?  . 

Answ.  CrzSs**  ^,  D=40°  34',  CD=;459.8. 

'  3.  Suppoie  the  diftance  of  the  earth  from  the  fim  ^s 
^^loocooo  miles,  and  the  diftance  of  the  moon  from  the 
-earth  is  240C00  miles ;  and  that  the  angle  contained  by 
two  right  lines  drawn  from  the  center  of  the  earth  to  the 
.centers. of vthe  fun  and  moon  is  89"^  6' ;  what  is  the  dis- 
tance of  the  moon  from  the  fun  ? 
Answ.  80938000  miles. 

Case  4.  When  the  three  fides  AB,  BC,  CA,  of  any 
oblique  angled  glain  triangle  ABC  ^re  given ;  to  find 
the  angles  at  A,  B,  and  C. 

If  any  two  of  the  given  fides  are  equal,  the  triafagle 
'being  iibceles,  its  angles  may  be  found  thus.     jRpg.  35. 

.Suppofe  AB  is  equal  to  AC,  let  fall  the  perpendicular 
AE,  and  the  point  E  will  fall  in  the  middie  of  the  fide 

G  2  .  BC  J 
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BC  $  therefore,  by  Cale  2.  of  ri^  aagM  triao^esj  ^t 
AB:BE::Rad.:Sioe  BA£,  vrhofe  complement  is  Ui^. 
aogle  at  B  or  C^  and  its  double  is  Uie  angle  BAC. 

When  the  fides  arc  anequai,  Fig-.  ^6^  let  fall  the  per- 
pendicular A£,  upon  the  bafey  or  loageft  fide  BC  s^  audi 
4ibout  the  center  A,  with  a  radius  equal  to  the  (hortefi 
fide  AC,  defcrlbc  the  circle  FDG.  Produce  BA  to  G5 
then  BG  is  the  fum  of  the  fides  BA  and  AC,  and  BF 
their  difference  5  alfo  BE  and  EC  are  the  fegments  of  the 
l;>afe,  and  BD  their  diiference.  The  ref^aagle  under  CB 
and  BD  is  equal  to  the  lyftangie  under  GB  and  BF, 
"by  the  property  of  the  circle  5  Euclid^  B>  j,  corroL  to 
^r&p.  36.  Therefore,  as  CB: BG :  :BF IBD  i  that  is^ 
As  the  bafe  BC  -^      * 

Is  to  (BG)  the  fum  of  the  other  two  fides  BA  + AC, 
So  i8-(BF}  the  difFerence  of  thefe  fides  BA— AC 
To  (BD)  the  dijSrerence  of  the  fcgments  of,  the  bafc 

BE— EC. 
Now,  take  the  half  of  this  difFerence,  and  alfo  the 
half  of  BC,  their  fum  is  BE  the  greater  fegment,  and 
their  difFerence  is  EC  the  leffer  fcgment.  Then,  in  the 
right  angled  triangle  ABE,  there  is  given  AB  and  BE4 
to  find  the  angles,  which  is  done  by  Cafe  .2.  of  right 
.angled  triangles,  viz* 

As  AB:BEt:Rad.:Sinc  8A6,  wlio(e  complement  is 
the  angle  at  B.  For  the  fame  reafon,  in  the  right  angled 
triangle  AEC,  as  AC:CE:  :Rad.:Sio€  EAC,  whofe 
complement  is  the  angle  at  C.  And  BAE+EAC=thc 
angleBAC. 

Exam.  In  the  oblique  angled  triangle  ABC,;lhere 
are  given  the  three  fides,  viz.  AB:::264)  BC=3'84,  a[tid' 
.ACr=i(^6 ;  to  find  all  the  angles  at  A^  B,  and  C. 

CON^ 


CONSTRUCTtON- 

Draw  the  ilra'gh^  line  9C ;  take  the  nmmhec  cxpref- 
&)gits  teorgrhfrcMn  a  ftale,  and  iet  it  ficomB  to  C ;  then 
take  the  length  of  AB  from  the  fame  firale,  and  lecttog 
one  foot  of  the  compades  in  the  point  B^  with  the  other 
defcribe  an  arch,  and  take  the  lengtb  of  AC  from  the 
fcale,  then  letting  one  foot  of  the  compafles  in  the  point 
C,  with  the  other  crofs  the  fof  mer  arch  in  A  j  draw 
the  ftraighX  tines  AB  and  AC,  aad  the  triaogle  is  de- 
fcribejd. 

Meafure  the  angles  at  A,  B,  and  C,  by  a  line  of  chords, 
^r  with  a  protraflor.    Let  fall  the  perpendicular  A£« 
264  264 

1^6  196  » 


46o=BA+AC 


^g^BA— AC 


(l:)  As  BC 

Is^BA+AC 
So  is  BA- AG 

To     B£^EC 


384 

460 
6^ 


2)384 


2)^1.4 


192  40*7 

40.7  add- «!*  fitbtfaft 


8 1..4  BE=23-2.7 
EC=isi.3 


(2.)  As  AB  :  BE  : :  Bad.  :  Sine  BAE=6i^  49'  whofe 

complement  28^  1 1'  is  the  angle  at  B.. 
(3.).  As  AC  \  CE  : :  Rad.  :  Sine  EAC-50^  31',  whofe 
Complement  39°  iy'^the  angle  at  C,.  aad 

BAC=*I2°20'. 

'  £xAM^  2.  Fig.  37.  Let  I>  and  Z  reprefent  two  pens 
4q  the  Tame  latitude,  whofe  diAance  is  480  miles  \  and 
tfappofe  a  fhip  from  D  fails  300  miles  between  nor'th  and 
<ea(^  and- another  fails  from  E  240  miks  bet^'een  north 

a&d 
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and  wefl:/and  then  meets  with  the  firft  Khip  at  C;  re- 
•<]iMred  the  courfe  of^achfbip  ? 

Ans^.  The  courfe  of  the  firft  fliipis  N.  65**  49' L 
:and  of  the  other  N.  59^  -i  3'  W. 

A  Table  of  Proportions,  fot  folving  the  feveral  Cafes 
of  right  angled  Triangles.     Tig.  27  and  aS. 


'Xlafes* 


Given.     Sought* 


AB,BC 


AC,  AB 


A&C 


A  &  CjCA:  AB:  :Rad. :  Sine  C 
\vhoie  complement  is  A. 


■>     »• 


AB&A 


BC 
AC 


Proportions* 

ABrBC-iiRad.Taa.  A 
Tvhofe  complement  is  C 


Rad.  :  Tan.  A::AB:BC 

SineC'.Rad. ::  AB:AC 


Rai. 
AB 


AC 


AB 
AC 


AC  &  C     AB    Rad. :  Sine  C  :  r  C  A :  AB  AC 
BC    Rad. :  Sine  A  : :  CA  :  CB 

The  folution  of  the  ift  Cafe  adnwts  of  no  variation. 
In  the  2d  Cafe,  if  AB  be  made  radius,  the  proportion 
maybe,  as  AB  :  AC  II  Bad.  I  Secant  A,  whofe  comp.  is 
C  In  the  3d  Cafe^  if  AC  be  made  riidius,  the  foliition 
may  be  as  ^ine  C  I.  Sine  A  :  \  AB:BC  ;  and,  if  AB  be 
made  radius,  as  Rad.ISecant  A: :  ABIAC.  The  folu- 
tion of  the  4th  Cafe  may  be,  as  Sec.  AIR  I  lAClAB; 
and,  as  Sec  ClRllAClCB,  each  fide  being  radius. 

Thefe  proportions  are  true,  but  unnecefiary ;  for,.{ince 
every  cafe  may  be  folved  by  a  right  application,  of  fines 
^or  tangents,.  tKere  is  no  reafon  for  mtroduciog  fecants. 

A  Tabl£ 


. 


BXATN    TRIGONOMETRT. 


Jf 


j^  Table  of  Proportions  for  Iblvujg  thc.feveral 
Gafes  of  Oblique  angled  Triangles^.  JSg^  3.1*  3.4« 
and  36. 

SiireB:SineC::CA:AF; 
Sine  B  :  Sine  A:  :  AO  ^CB. 


Cafes 

Givef2i 

Sought: 

I 

AC 

and 

•B|  C* 

AB 
BC 

AB,  BC, 

C,.B, 

2 

and/ 

and 

A. 

AC. 

AiC, 

ABJ  BC, 

and 

3* 

and 

AC. 

^• 

B. 

• 

t 

• 

AB,  BC, 

B 
C 

4-' 

and 

and 

CA.  . 

A. 

.  - 

"' 

CB  :  BA.: :  Sine  A  :  Sine  C. 
Sine  C  :  Sine  B  :     BA  :  AC 


BC+B  A :  BC— BA: :  Taa.^^-tE 

A^C  ^ 

-:Tan. 

Add  and  fubtraft  the  half  fum 
•  and  half  difF.  and  you  have 
the  angles  A  and  C,  and  then, 
Sine  C:  Sine  B::BAiAC. 


BC  :  BA'+  AC  : :  BA- AC  : 

BE— EC. 
Hence,  BE   and   EC    will   be 

known. 
AB  :.  BE  ::  Bad.  :  Sine  BAE, 

whofe  complement  is  B. 
AC  :  Cfi'::  Rad.  :  Sine  CA^E, 

whofe  complement-  is  C. 
And  the  fum  of  BAE  and  CAE 

is  the  angle  BAC. 

The 
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Th«  4lit  cafe  m^  be  folyed  by  the  foUo\riiig  'I%eoremr 

In  any  ^ahi  trfangte,  the  refistfigte  contained  by  half 
the  fum  of  the  fides,  and  the  excefs  of  that  half  fam 
above  the  fide  oppofite  to  the  an^e  fought,  ie  to  the 
reflangle  contained  by  the  differences  between  the  half 
fum  of  the  fkles,  and  the  two  fides  containing  the  angle 
fodght ;  as  the  fquare  of  the  radius  is  to  the  fquare  of 
the  tangent  of  half  the  angle  fought. 

Example  i.  of  Crrfe  4,  refutoed.    jf^ig^  3<$. 
I.    To  fiftd  the  angle  BAG. 

.    AB=2t54  422  422 

BC=z^%t^  .  364  196 

CA=i96 


2)844  fum 

422  half 
Sttbt.  3B4 


ij;&  22& 


iMi* 


38  ■ 


4. 405 0961 


C  2.3541084 
So  is  f(ja^  Kad.^  zo.ooooooe 

«  II  III! 

24.5527655 
4.2050961 

To  fqu*  tan  —  2)20.3476694 


a 


^6^  10'  20*^  10.17 J8347 

56     10.  20 

112°  20'  4o''=:BAC 

2.  Ta 


,  ^L- ArINc  T R !<} 0 N O ME T ft T.        5 7 

2.  To  fiqd  tkp  angle  at  C.. 

."  ';  ,  i  2. 198657 1 


4.8239696 


^  t 


I  If .       *        ' 


Is  to  38X226.  5 '-5797836 

So  i5|fcji^^  r^d*-,.  •    2p«qoooooo 


'     A  i  •••    ^ •  '♦ 


4.8239696 


'  *  J  •-  •   ..    '       '  ;  c  ^' ,  » . 


Tofqa'mu—    2)19.1099224. 

.■-19a' 44"  34"'   '■9-l;?4'9^«"2^- 
»9   '»4    34       '  • 


m^mi^im     '  ■  I      ■■ 


.<J>' 


ACB=39   .29     8  ; 
3  • .  Tofind:  the  .angle  at  B* 

As-42iX-226:/'         ••S^'^-6,2-53i2y/ 

,   ,    T  .  i|2.  ^541084. 


4,9794209 


•  <4I  •      1  t 


••  »     »*  , 


I  Jl 


•  < 


*     t     " 


00  IS  Iqtl'  rad.  20.0000000 

•    ..  25.77844cr7 

-    .  4.'9,7-942o^ 

To  f4u'  'tari.£-0  2)1 8 . 7 990 1 9 8 

14^   5'   6"  9-3995 
14     5     6 


'}  ' « 


>^  J* 


ABC;r28  10  u 

Jfc  r.       c  JPjoot 


,■ »  - .  * . 


TLAIH   TRrObNOMETlKT. 

■ 

Prooft 
A=  iia^  ao'  40" 

B   ==     28      to      12 

C  =   39.    29     8 

Wc  have  made,  as  ufual,  eight  Cafes  in  Flaia  Tr^j> 
aometry,  viz.  four  in  right  angled  triangles,  and  foorht 
•bliqiae  ;.but  thefe  taay  be  reduced  to  three  :  fbfy 

1.  Since  the  iides  of  any  plain  triangle  are  in  propOT' 
tion  to  each  other  sfi  the  fines  of  the  angles  oppoiite  to 
thefe  (ides ;  by  this  we  can  (bite  the  2d,  3d,  and  4tb 
Cafes  of  right  angled  t^iai^gles,  as  aUb  the  ill  and  2d 
Cafes  of  oblique  angled  triangles. 

2.  Since  the  fum  of  iniy  two  (ides  of  a  pkia  trianglr 
IS  to  rheir  difference,  as  the  tangent  of  half  the  (iim  of 
the  oppofire  angles  is  to  the  tangent  of  half  their  diffe- 
rence s  hence  we  can  (blve  the  ifl  Cafe  of  right  angled 
triangles,,  and.  the  third  Cafe  of  obPique  angled  trian^esv 
-  3,  When  the  three  fides  of  a  plain  triangle  are  gives 
to  find  the  angles  y  if  the  trlahgie  be  right  angled,  the 
acute  angtes  may  be  found  b)^  theorem  ift  above  ^  stni 
if  it  be  abUque  angled,  the  angles  may  be  found  by  the 
Theorems,  p,  37. 

ftome  authors  comprehend  the  whole  ofPkia  'Erigo^ 
nvmetry,  in  three  Cafes  as  follows  t- 

CASE    f. 

The  three  Cid^  of  any  .plain  triangle  Being  gtVea,  10^ 
find  the  angles^  ^  ,' 

Let  A^  B^  C,  reprefent-the  three  fides,  and  at,  fj  /, 
the  oppofite  angles.  Put  s  =  the  fine,  s''=  the  co-fine, 
t  =  tbetangent^  and  tf  =£the  co^tangent  of  any  angle* 

AUb 
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AlfopiitP=tiA+B+C,  L  = 
the  logarithm  of  any  number  and 
JJ  =  the  arkhmeticalcomplemeDt  of 
41^  logarithm.     Then 

thcsiaz2  VP— CxP— B       or  by  Logarithms 

H        >  I    t     »     I 

BxC 
the  s  4^  a  =  4.  L  P-C+L  P— B+L'B+L'C 

the  s  4.  *  ■-  VP— AxP-~c"    and  by  Logarithms 

AxC 
e  4.  *  =  i  L  P— A+L  P— C+L'A + L'C 

The  s  ic  =  VP~AxP--.B      and  by  Logarithms 

AxB 
s  1.^  =  i  L  P— A+LP-B+L'A+L'B 

Exam.  Let  the^fide  A  =  49,  B  =  96  and  C  =  66 :  it 
is  required  to  find  th«  angles  at  a,  i,  and  r  ? 

^    I.  For  the  angle .c 

49        P  =  lojf.j              105.5 
\  ^6     C  =  --66.     B=^96. 
66  " — -! 


P-C  =  .3^.5  P_B  =  9.S 


LP-C  =  39.5  1.3:965971 

LP— B^    9.5  P.977723^ 

L'        B  =  96  S.ol^^298 

U       C  =  66  8.1804561 

--^2)18.7725056 

s  4  ar  =  14*  5'  6"    9-3862528 
"•r  the  angle  tf.=:-2S°  10'  12" 

^2  2,  For 


«  -v 
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2.  For  the  angle  b. 
-P  =  105.5        L.P— A  =  56.5         1.75^0484 

A  =  -49.  L.P— C  =39-5         *  -59^59^1 
1/  \C     -=.66.  8-1 804561 

P— A  =s54r5        L'    A     =  49  8-3^9J^^39 

'•2)i9;838905S 


t»r^ 


s  4.  *  =     56°  -10'  20"      9'9»94i25 
or  the  angle  b  =  i  ia°  20'  40*' 

3.  For  the  angle  r. 

L  P— B  =    9^5  .     ' 0.3,77723® 

:lp-.a  =  36.5      1.7520484 

L'    A     =  49-  '8.3098039 

X'   B     5=  96.  -8^0.177^^ 

•^)  19-^573^47 
s  ^  -c  =:  19^  44^  3^"    5^.5286^5  % 
or  the  angle  c  =  39°  29'  6'' 

In  an  ifofccles  triangle,  when  the  fule  A 
IS  equal  to  the  fide  C,  the  angle  b  contain- 
ed between  the  equal  fides  may  be  found 
by  this  .Th;earcm  :  '    ' 

,  _  B.       r  _  Br   _  B_ 

^      A^"i"-:2A— 2A        — s 

becaufe  the  radius  r=:x ;  and  by  Logarith^s-3  i  ^  =  LB 
+  L'  2  A. 

Exam.  Let  A  =  80  C  =  80  and  B  =  60;    required 
the  angles  b^  Oy  'and.  c  ? 

LB  =  60         i«778i5T3 
L'2A=i6o      7*7958800  * 

s^i=:a2^  i'27"  9-574031.3 
the  angle  b  if  44°  2'  54^ 

from         t8o° 
Subtr.  *  =i:j4£_£^5£ 

2)135  57    ^ 


6f  S^'  2Z"-aiXi 

WhiB 


^beatbe  three  i](Ie<»iof.aright4aQgliexf.|itam  ^la^oglb, 
-^are  given,  to  find  the  angles,  tbeTh«oj:cB|>becGine3  mofc 
-fimple..   rFar  esu^pl^,  {upp%ic  ^tkt^ai^  f  ^s  Al^t 

«Og}e,  >  then 



C  B 

stf=:--^,  ands'^r:— 5  or  by  logarithms. 

-s.r=LC+L'Aands.tet  B+L'A 

Exam.  Let  the  hypothentrTe  A 
=  50.  the  fide  B  =  40  and  the'  6 
^de  C  =  30,;  T^qarr^d  thef  angles 
«at^aQd3f 

For  the  aii|^e  r. 

)L' A  ='5o     8.3010300 
angle  e  s=  36^  5*2'  11". ^.77815 13 

iiFor  Aeaaglcifc  "^         : 

LB- £=.40     i«iSp2e6oo. 
}J  A  Sr  jp    Bj3<3k|Q3ioft 
angle  *  =  53°  7'  ^S''  9.9030900 

Case  2.  When  one  fide  and  all  the  angle  of  any 
^^' trlangjc.apc  giiic^n  j  or  when. two  fides  and  an  angle 
•<^pofite  to  on«;  of  them  are^iven,  to  fiad  the  other  p^rts 
of  the  triangle.  v 

Becaufe  in  any  plain  triangle  the  fides  are  to  each  other 
is  the  fines  of  their  oppofite  angles  ;  the  ratio  between 
any  fide,  and  the  fine'  of  its  oppofite  a'ngle  is  equal  to 

the  ratio  between  any  other  fide,  and  the  fine  of  its  op- 

A        *B '     6 

pofite  angle,  ^d  therefore  —  =  —  =  —  .        From 

8»d  8>^  8.^ 

thefe  equations  any  of  their  terms  may  be  found.     For 
example,  'when  the  fide  A  and  the  angles  aregiven,^fSc 

iide  B  =  —  X  A^  and  the  fide  C  =  —  X  A.   or   by 

Logarithms* 
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Logarithms.  The  fideB  =  LA  +  Ls^+  Va,  and  the 
fidcC  =:  LA  +  Lsr  +  L'sii. 

Exam.  Let  the  fide  A  =  32,  the  angle  «  =  170  44'^ 
the  angle  *  =  96®  1 2'  and  the  angle  c  =:  66°  4' :  requir- 
ed the  fides  B  and  C  ? 

For  the  fide  B 

LA^  32  1.5051500  . 

Ls^  =  96^i2  9.99745.2^3 

'  L's/i=  17  44  0.5162S83 

fide  B  =  104.4  2.0188906 
For  the  fide  C 

L  A  =  32  1-5051500 

Lsr  =  (J6°4'  9.9<5o9548 

L'sn  =  17  44'  0.5162883 

fide  C  =:  96.  1 .982393  X  *  : 

And  if  the  fides  B  and  C  ind  the.angle  t  Were  giren^ 
to  find  the  angles  at  c  and  a  with  the  fide  A  ? 

Q 

tc  =  -^X  s.i,  or  by  logarithms  sr  =  LC  +  L  s.i  +  VB 

The  fide  A  =  —  x  C.  xjr  by  logarithms,  A  =  LC  + 
L  s/j  +  t/sc. 
Exam.  Let  the  fide  B  =  43,  the  fide  C  =  32,  and  the 

angle  h  :t  84°  2';  required  the  angles  c  and  a,  with  the ' 
fide  A?  . 

'"For  the  angle  r.         , 
L    C  =  32.  1-5051500 

Lf.  ^  =  84^  2'       9.9976408 
JJ    B  =  43  8»3<^^53^5 

o         ,         „    9-8693223 

/.  r  =  47^  44'  40''      . 
htece  the  angle  ^  =  48°  J3'  20" 
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For  the  fide  A.      ' 

r 

L  C  =  32  I'Sosisoa 

L/.fl=  48""  13'  2<y'-  9.872584Z 
U  sc  zz  ^'■j   44   4Q   Q.  1 3067  85 

.i.5«^4i27' 

Case  3.  When  two^  fides  of  a  plain  triangle,  aikdihe 
angle  contained  between  them  are  given,  to  find  the  other 

two  angles  and  the  third  fide. 

Soppofe  ^=:the  given  angle  \  A  and  B  the  two  givea 
ildes*    Put  Ssrpo^A-i.  c^jd^  the  -J-  difference  of  the 

A  Vt 

angles  a  and  6,  then  tangent    J=  ^-vn  ^   ^^^*  "^-^  ^^ 
ving  found  </,  :S+/  =  a,  and  S — d  =  fr. 

The  fide  Cs^4Am<^+A-B»    .      *«^^f^^ 

rr  ,  i'    ^ 

^Af^T^Tr.  Suppofe  ttie  fide  A  =^  141,  B  =7  92,  and  the 
contained  angle  c  =  .54^  20'  and  it  were  required  to  find 
the  angles  at  a  and  h^  and  the  fide  c. 

For  the  angles  «  and  h* 

-go*"  '•  141 

^Vrs27   16  92 

Sti:62;sa        A— 8=49? 


•1^ 


A+Br=23J 


»f  IogacithriiVlta0/i/=:LA--:RrhL  tan.  S+ IM+B. 
LA — B  =  49  £.6901961 

jL  tan.  S  =  62°  50^  .     ie.2897i7(J' 
L'^t^^n.  A+fe=233  7-^3,2644^    , 


I  I  ■■  * 


tM4</=  2z'  i)/      :  9.6125,57.8  '; 

S.SJ 


U       rili!rty^T«.JO0'NOMETRT. 

d  =:  23.     17 


.i^ 


•»■ 


aiiglcf^  =  40    33 
For  the  fide  C.  b^logi  I-4Ai+l  2  B+a  Lx  i«Q^ 

L  2  B  =  184        ,    2^2648178 

L8-rC=27'*io       96505173^ 

Dltto^'    27    10        9«'^59yt73'^ 

Q^=  10816.86         4.6341015^ 
ll-A^B=/|9      1.69.01961' 


'.      Ml- 


R=24bi'    -^.34o39aR- 
C^=r  108 1 6.68    ' 

By  this  Theorem  the  third  'ff^e  C^'iyTound  dircaiy. 
from  the  data,  without  nadiog  the  angles  a  artd  3. 

In  this  Cafe  ;  i^fcen  the  given  angle  ^r  is  a  right  angle, 
the  other  two  angles  and  the  hy^pothi^opfe  may  be  fonnd  • 

thus;  the  t. a  =::^j)!ify^fhc  t,  i^--^  X,r^    wherein    the 

radius  r  being  =7rjpa^  be  left  out.    The  hypotheuufe 

'  =  ^A^fB* 
•"•t  X4d!by  i6^rkHirti,^''tfteXVA4iii4'e;:  fcteL'B'fL'A 

andK5±:4-"L^+'B»"  '-  -  •  .  i 

^A?^w ;  fn  a  right  angled  triangle,  kt.the  ,fide  A=2 13, 
thojUe  B=i^,  containing  the  riglit  angle  c :  required 

*    the%figtesi4f  4Hd  6,  al|d  the  hypdihMlife  C  ? 

'-2  Tor 
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For  the  angles  a  and  t. 

L  A=  213  2.3283795 

L'  B  =  199  7.7011469 

II  I    -i 

Angle  a  =  46"  57'     io.o2p52<55 
*  =  43°    3' 

For  the'  hypothenufe  C- 

A*  =45369 
JB  *  =  39601 

84970         4.9292^56 

4.  2.4646328 
0=291.49 


'  TRIGONOMETRICAL    PROBLEMS. 

Trob.  I.  One  fide  of  a  right  angled  triangle,  and 
"flie  fum  of  the  other  fide  and  hypothenufe  being' given  ; 
to  find  the  angles,  the  hypothemife,  acid  the  other  fide 
feverally.     Fig.  ^S' 

Exam.  In  the  right  angled  triangle  ABC,  fiippofe 
the  fide  AB=:7o,  and  the  fum  of  BC  and  AC=2oo ;  it  is 
required  to  find  the  angles  ACB,  CAB,  with  the  hypo- 
-thenufe  AC,  and  ihe  fide  BC  ? 

Answ.  ACB=:38^36VCAB=:5£°  24',  AC=:t  12.32, 
,BC=87.68. 

CaNSTRUXTiON.     Make  the  right  angle   ABD; 
make  AB=7o,  and  BD=2oo;  then  find  the  point  C 
^«qually  diftant  from  A  and  D,  and  join  AD  and  AC 

Solution.  In  the  right  angled  triangle  ABD,  we 
liave  AB  and  BD -given  ;  to  find  the  angle  BAD;  from 
which  fubtraft  its  complement,  viz.  the  angle  D=DAC, 
itad^there  will  remain  the  angle  CAB,  whofe  coinple- 

I  meot 
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•  mcnt  is  the  angle*  ACB  ;  and  then,  in  the  right  angldd 
■  triangle  ABCj  we  have  all  the  angles  with  the  fide  AB; 

t%  find  AC  or  CB ;  cither  of  which  being  found,  fiibtraA 
it  from  200^  and  the  reibalnder  is  the  other  fide. 

Pros.  2.    One  fide  of  an  oblique  angled  triangle, 

•  the  angle  oppofite  to  that  fide,  and  the  fum  of  the  other 
.  two  fides,  being  given ;  to  find  the  othcc.  twa  angles  and 
» fides  fevcrally.    Fig.  39. 

Exam.  Jn  the  oblique  angled  triangle  ABC,  fuppofe 

^  the  fide  BC— ?  ^2,  and  the  angle  BAC=i  10°  30';  alfo  the 

film  of  the  fides  BA  and  AC2r637. ;  it  ij  required  to  find 

:  the  angles  ACB  and  ABC,  with  the  fides  BA  and  AC  ? 

Answ.  ,ACB=45°  5',  ABCz;24°  25',  AC=2i34.7, 

:  AB=:402.3.     " 

Construction.    .Make-the  angle  at  D  6{.^t;^'^i^ 

equal  to  half  BAC  ;  take  637  from  th<?  fcale,  and  fet  it 

from  D  to  B  5  then  take  532  from  the  fame  fcalc,  and 

•  fetting  one  foot  of  the  compaifes  in  B,  with  the  other 

.  crofs  the  line  DC.in  C;  and  join  BC ;  find- the.  point  A 

equally  diftant  from  D  and  Cj.and  join  AC.     Now» 

fince  AD  is  equal  to.  AC,  the  angle  ACD  is  equal  to  the 

.  angle  ADC,  and  each  ofihem  half  of  the  angle  BAC. 

.5oLUTi9N.  In  the  triangle  BCD,  weiiave  DB,  BC, 
.  and  the  angle  at  D  j  to  find  the  angle  BCD. 

Subtraft  )the  angle  ACD  from  BCD,  the  remainder  is 
;the  angle  ACB;.  and,  by  taking  the  fum  of  BAC  and 
ACBfrom  i^o%  .w«  have  the,an^le  ABC.  Then,  ia 
the  triangle  ABC,  we  have  all  the.  angles,  and  the  fide 
BC  ;  to  find  either  AB  or  AC. 

P5L0  B.  3.     One  fide  of  an  oblique  angled  triangle,  the 

,an^!e  oppofite  to  that  fide,  and  the  dilFcrcnce  bctwcea 

the 
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the  other  two  fidef}  being  given;  to  find  the.othepangksf  *. 
aod  fides  feveraUy.    Figl,  40* 

Exam.     In  the  obliqne  angled  triangle' ABC,  let-thcr 
fide  BC  =  2i;o,   and  the  angle  BACzrpd?  50',  alfo  the- 
difference  between  the  fides  AB  and  AC,  viz.  BD=io6  ;  , 
required  the  angles:  ACB^nd  ABC,  with  the  fide&  AB '; 
and  AC  ?  r 

Answ-  ACB^s?"^  55VABC=:25°  1  j',  ABi=2i3.4,  . 
AC=id7.4.*  " 

C'ONSTRucTiON.     Subfraft' thc  angle' B AC  froraS 

« 

iHp°  and  divide  the  remainder  by  2,  the  quotient  is  the 
angle'  ADC  ;  which  b^ing  fubtrafted  from  180^,  the  re-  ~ 
mainder  is  the  angle  BDCJ  . 

Make  the  angle  B DC.     Take  106  from  the  fcale',  and  ' 
fet  it  fronj  p.to  B  j.  then  take  256  from  the  fcale;  and^ 
fetting  one  foot  in'B,  •  with  the  other  crofs' the  line  DC 
in  C, ""and  join  BC  •  produce  BD,  in  which  find  the  point :: 
A. equally  diftant  from  D  and  C^  and  join  Ai::. 

Sol  i;  ton..  In  th^  triangle  BDC:  we  haveBD;  BC,  , 
and  the  angle  BDC ;'  to  find  the  angle  BCD. 

Having  found  the  angle  BCD,  ^  add  it  to  AGDr  the  • 
fum  is  the  angle  ACB. .. 

Subttaathd  fum  of  the  angle§  BAC  and  ACB  from  1 
180°,  the  remainder  is  the  angle  ABC. 

Then,  iri  the  triangle  ABC,  \,we  have  all  the•angIes>^ 
and  th^  fide  B6 ;  to  firid  AC  or  AB  ;  either  of  which  '«. 
being  fotmd,  the  other  will  be-krtown  by;  applying  the  '- 
differeace  BD  tonhe  fide  foucfd* ., 

Defiriptitfh  ^GsnterV  Scale.  . 

The  Logarithms  were  invented  by  Lord  Napier,-  and  •*! 
pilbliflied  at  Edinburgh  in  ^he-  year  i(5i4  \  and>  aboct''. 

I  a  ^  u^i 
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ten  years  after*  Mr.  Edmand  Guoter,  Profeilbr  of  A-- 
ftronomy  in  Grefham  College^  LondoO}  applied  the  lo- 
garithms to  lines  on  a  two  foot  fcale,  whereby  all  quef- 
tions  in  trigonometry^  and  fuch  parts  of  pradlical  mathe- 
matics as  depend  on  that  fcience^  may  be  readily  folded 
without  calculation,  by  applying  a  pair  of  compaflcs  to- 
the  diTifions  on  the  icale. 

Gunter's  Scale  contains, 
r.  A  line  marked  S.  R.  (fine  rhumbs)  on  which  are 
the  logarithm  fines  of  the  degrees  to  each  point  and  quar- 
ter point  of  the  mariner's  compafs. 

2.  A  line  marked  T.  R.  (tangent  rhumbs)  being  the-- 
logarithm  tangents  of  the  faid  points  and  quarters. 

3.  A  line  marked  Numb*  {nun)bers)  on  which  the  lo^ 
garithms  of  iuimbers  are  laid  down. 

4*  A  line  marked  Sin*^  containing  the  logarithm  fines.-^ 

5.  A  line  of  logarithm  verled  fines  marked  V.  S.- . 

6.  A  line  of  logarithm  tangents  marked  Taa«. 

7.  A  meridional  line  marked  Mer. 

8.  A  lineof  equal  parts  marked  E.  P/- 

The  two  £rft  and  two  laft  lines  are  ufed  balyia-nari-i 
gation  ;  the  refl  in  trigonometry* 

The  figures  on  the  feveral  lines  have  always  the  fame^ 
▼alues,  except  on  the  line  of  nun»bers ;  there^  the  figures  ^ 
reprefent  either  the  feries  of  numbers  from  i  to  100,  or 
from  I  to  1000,  and  confeqtiently  havc^-diffcrent  values, ., 
according  to  the  feries  they  reprefent. 

Becaufe  the  logarithms  of  proportional  numbers  havc^^ 
equal  differences,  thefe  logarithms  on  a  fcale  will  be  at 
equal  diftances  j  therefore,  if  four  numbers  are  proper- 
tionaU  the  diAance  between  the  firfl  and  fecond  terms 
will  be  equal  to  the  diilance  between  tbe^  third  and^ 

fourth 


ME  If  S  tJ  R  A  T TO  R:  ^? 

ftutth  OQ  the  ibale.  Henc9>  the  role,  for  working  any  > 
proportion  on  Gunter's  Scale  iS)  Set  one  foot  of  the^- 
coalpafTes.to  the  firft  term  of  tfaep^portionj  and  extend «' 
the  other  to  theXeeond;  .then,  Jkeeping  tha{  extent  in:  the  : 
GompafIes>^  fet  one  foot  to  the  tlurd  .term»  and  the.'  other  i 
-will  fall  upon  the  fourth  term^or  anfwer* 

SECT*    m- 

-• 

5ra^jf//A:«^««^-:  Plain  Trigonometrt*^  U  thi 

MeN5UR:AT10N.^  HbIGR^TS  «ff^Dl$TANCi^8.. 

'HT'^O  perform  problems  of  this  kind,  the  firft  thing  to  -> 
^  be  done  is^  to  meafure- the  length  of  any  ftraight^ 
ITne  on  the  ground ;  and,  for  this  purpofe,  fome  meafure  . 
of  a  determinate  length  muft  be  chofen,  fuch  as  a  yard,\ 
fathom,  ipokj  the  furveying  chain,  or  fome  part  of  it.. 

Meafures  Ihould  be  adapted  to  the  quantities  to  be  .- 
meafured.'  Small  diftances  may  be  meafured  by  a  foot  t 
rule,  or  yard,  or  by  a  tape  divided  into  inches^  and  rol-.- 
led  up  in  a  box;  but  large  diflances  require  larger  mea-u 
fures,  fuch  as  long  poles  of  fome  Jcnown  lefigthj  pr  the  : 
furveying  chain.         "^ 

The  Scots  furveying  chain  is  a  meafure  of  74I.  Eng- 
lilh  feet,  (commonly  made  only  34  feet),  confifting  of 
i  00  links,  each  link  being  81928  inches.     The  Englifh  . 
Ibrveying  chain  is  66  feet  in  lengthy  confifting.  of  100 
links,  each  link -being  7.92  inches.  . 

SFi  meafure  an  accejjtlile  diftance  ofi-  the.  ground,  as  from  > 

A  /o  B.     Fig.  s^. 

Apply  one  end  of  your  meafure  to  A,  difefting  the 
Mher  towards  B^  and  at  the  extremity  £  put  a  mark^ 

or 


Or  pin  5  •  then  carry  th«  meafure  iato  tbe  poHtion  ECy^, 
pUcing  a  mark  at  6;  and  again<<:arFy  the^ meafare  into* 
the  pofition  GK>  and  To  onuatit  yoa  come  toB.  The 
number  of  pins  wiil  thoW'the  Dumber  of  meafares  from  ^ 
A  to  B )  and  hence- the  leogtfa  of  the  line  AB  will  be  . 
known* 

When  a  large  difiance,  fiich  as  the  fide  of  afield,  is  ; 
to  be  meafured  with  the  fucveying  chain,  ten  pins,  or  ar*- 
rows  of  wood,  or  iron,  muft  be  made  ufc  of  .to  number 
the  chains  y  thus,  he  who  leads^the  ch^'  takes  the teft 
arrows  at  fettingouty-and,  at^the  ^d-of-  the  firft  chain 
fUcks  one  in  the  ground  i.aod,  when  they  haye  advanced  ' 
forward  another  chain,  he  flicks  another  in  .th^.gnound, , 
and  the  man.  at  the  other  end  of  the  .chain  takes  up  the  - 
firft  arrow^aud  fovon^j  .the- man  who  leads  th6  chain  . 
putting  down  one  at  the  end  of  .every  chain,  and.  the  man 
who  follows  the  chain  takiog^hem  .up.  as. he  advances,  , 
until  he  have  all  the  teji ;  and  then  they  muft  be  carried  ' 
to  the  man  who  lea^d's'th^  (;hain  :  And  thus  th.e  numba: . 
of  chains. in  any  difiance  will  be  known 

BeGdies^the.lnrveying  cUaio,-a  pole  of  wood  ten  linki  . 
long,  the  lengths  of  the  links  being  inarked  on  it,  and  . 
one.of  them  divided  into  ten  equal  parts,  isneceflary  to. » 
meafure  a  few  .links  and  parts  of  "a  link  accurately^^  and  ' 
thus  the  diffance  wilV'be  known  in  links^  .and  x  oths.  of  a  - 
Kakj  or  lOQO  parts  of  the  whole  chairiv 

Although,  the  whble- chain*  is  comnionly'naadc' ufc  o^  . 
it  is  difficult  to  meafure  a  line  accurately  with  it,  on  ac- 
count of  its  great  length.     A-half<;hain,.  or.  on«  of  co 
links',  can  be  held  more  ftraight,  and  managed  more  ea-  - 
filyi  and  confequently  lefs  liable  to  errors  than  the  whole  . 
chain» , 

The:. 


"The  commofn  method  of  raeafdring  an-  acceflible  flS- 
*tanceis  abundaiitly  fimpic,  anrd  feems  cafy  enough  to  exc- 
xmepandyet,  even  in  this  fimple  operation*,  it  is  very 
*faard  to  avoid  errors  entirely. 

The  furveying  chuin-  is  very  well  cdhtrived  for  the  pur- 
•pofe  of  meafurmg  la^d  ;  and,  -^hen  applied  wfth  care,  the 
•areaof  any  field  may  be  foand;  but,  in  meafaring 'Bit 
^'tances  from  whence  «alcnlations  are  to  be  made,  in  or- 
der to  find  out  krger  diftances,  greater  exaftnefe  is  ne- 
treflary  than  can  be^expafted«^fromf  the  furveying  chain : 
'For  it  Tcqniresagreat  deal  of  care  -to  keep  thexhain  ftl« 
>ways  truly  *ftraight;  and  <  even  fuppefing  this  done,  we 
cannot  be^fure  that  the  chain  does  not  lengthen  by  coa* 
iAant  ](lretchii\g4'  and,  if  this  be.trne,  fmali  errors  may 
arife  from  different  degrees  of  tenfien  ^  nor  i^nt  poflible 
*to  avoid  thefe  errors  with  any  flexible  meafuring  line ; 
'ttnd,  therefore,  when  the  true  length  of  any  ftraight  line 
•on  the  ground  is  required,  we  muft  chufe  a.  meafurc 
* 'which  will  neither  contraft  nor  lengthen  in*  the  applica- 
tion,' fuch  as^a^pok  of  wood,  t)r  a^  rod  of  -iron  of  fomc 
'known  length. 

When  a  diftance  is  to  temeafuredby  a  pole,  the 

t)peration  is  performed  in  the  (amc  manner  as  by  the 

thain.     A  fmall  wire,or  fome  fuch  *mark,  (hould  be 

•fluclc  in  the  ground  at  the  end  of  the  pole,  that,  when  it 

.  is  moved  forward,  the^hindermoft  end  in  every  fucceffive 

poiition  may  lie  at  the  fame  point  where  the  ib^emo-ft 

end  lay  in  the  laft  pofition  5  and,  for  this  ptirpofe,  a  notch 

'fhould  be  made  in  the  end  6f  "the  pole  to  receive  the  pin-; 

and  then  the  pole  being  carried  forward,  and  its  end  laid 

^lofe  to  the  pin  in  every  advance,  the  diftance  moy  be 

^^:ineafured  very  accurately* 

Oiherwife, 
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Otherwi(e»  take  two  ftraight  poks  of  any  convemeiit 
4eagtb,  inch  as  lo  feet,  havingtheir  ends  well  fmoothed^ 
and  take  fnpporters  for  them.  Ho  cootiiredj  that  they  may 
be  eaiily  railed  or  depreiTed  with  (crews^  or  fay  ibme  other 
means.  Then,  hzsuig  placed  the  poles  upon  their  fnp- 
porters in  a  line  at  one  extremity  of  the  diftance  to  be 
meafured,  and  made  them  levd  by  a  phimmet ;  lift  the 
hindermoft  pole  with  its  (apporter,  and  carry  it  forward 
to  the  e&treovty  of  the  others  place  it  there  in  a  leveUioe» 
adjufUng  tt  as  before^  then  take  up  the  hindermoft  of  the 
two  poles  as  they  now  lie,  and  carry  it  forward  with  its 
fupporter,  and  fb  on,  always  bring^g  the  poles  to  a  true 
level,  and  taking  care  that  their  ends  tonch  each  other 
exzdilj.  By  this  method,  a  diftance  may  be  meafored 
"With  great  accuracy. 

The  length  of  any  acceflible  right  Bne  may  be  found 
by  a  careful  application  of  feme  known  meafure;  bur,  la 
jnany  problems,  the  lengths  of  right  lines  are  required^ 
^bich  are  either  whoUy,  or  partly,  inacceffible,  and 
fometimes  Invifible,  fuch  as  the  diameters  and  perpendi- 
cular heights  of  mountains.  In  order  to  folve  fuch  pro- 
blems, we  muft  not  only  be  Able  to  mealure  ftraight 
lines,  but  to  find  out  their  pofitions,  or  to  meaiure  the 
quantity  of  any  right  lined  angle  accurately.  This  may 
l>e  done  by  the  Theodolite,  Graphometer,  Quadrant,  &c» 
But  the  fame  thing  may  be  performed  as  well  by  mea- 
furing  certain  right  lines* 

Tkere  are  two  linds  of  Angles  to  he  meafured^  namely 

Horizontal  and  Vertical. 

A  horizontal  angle  is  contained  between  two  right 
lines  which  lie  in  the  plane  of  the  horizon^  fuch  as  the 

two 
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two  fides  of  a  field,  or  any  two  imaginary  ftralght  Imes 
drawn  frora  a  given  point  in  the  horizontal  plane.  For 
example,  fuppofe  any  point  on  the  furface  of  the  earth  is 
taken,  and  from  that  point  one  ftraight  line  runs  north, 
and  another  north-eaft ;  the  angle  contained  by  thefe  lines 
is  called  a  Horizontal  Angle. 

A  vertical  angle  is  contained  by  two  ftraight  linos 
drawn  in  a  plane  perpendicular  to  the  plane  of  the  ho- 
rizon. For  example,  fuppofe  a  ftraight  line  is  drawa 
from  any  point  on  the  furface  of  the  earth  in  the  hori- 
zontal level,  and,  from  the  fame  point,  another  ftraight 
line  is  drawn  to  the  top  of  a  high  building,  a  mountain, 
a  ftar,  or  to  any  6bje6l  which  is  above  the  plane  of  the 
horizon,  the  angle  contained  by  thefe  two  ftraight  lines, 
or  its  complement,  is  called  a  Vertical  Angle. 

3^  meafurt  a  Horizontal  Angle  on  the  G rounds  as  ABC, 

by  any  lineal  meafitre. 

This  may  be  done  by  taking  a  radius  at  pleafiire  in 
^ny  of  the  containing  fides,  and  meafuring  ckher  the 
chord,  fine,  tangent,  or  fecant  of  the  angle. 

ift^  By  meafuring  the  chord  ;  Fig,  41.  Meafiire  any 
diftante,  fuch  as  a  chain  from  B  to  A,  and  there  flick  aa 
arrow  in  the  greund.  Meafure  the  fame  diftance  from 
B  to  C,  and  there  alfo  place  an  ar^ow.  Then  meafure 
the.  diftance  from  A  to  C,  and  the  three  fides  of  the 
ifbfceles  triangk  ABC  arc  known.  Let  fall  the  perpea- 
^icular  B^^  and  the  point  ^  will  be  in  the  middle  of  AC4 
therefore  Ae is  known ;  and,  as  BA i  Ae  \\  Had.  :  Sine 
ABr  J  which  doubled,  is  the  angle  ABC. 

This  method  is  general,  and  will  anfwer  equally  well 
'whatever  the  length  of  AB  or  BC  is j  but,  if  AB  and  BC 

K  arc 
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^are  each  one  chain,  or  any  meafare  confiflicg  of  loo,  w 
1000  equal  parts,  the  angle  ABC  may  be  foand  from  a 
tabic  of  fines,  without  calculation  ;  thus,  Meafure  AC  hi 

'  loth  parts  of  a  link,  or  loooth  parts  of  the  chain  ;  then 
AB  being  loco,  and  the  radius  of  a  table  of  fines  alio 
1000,  A^  being  a  number  of  the  fame  parts,  will  be  the 

-natural  fine  of  the  angle  AB^ ;  and  therefore,  this  num- 
ber being  found  in  a  table  of  natural  finest  the  quantity 
of  the  angle  AB^  will  be  known.  If  you  have  not  a  ta- 
ble of  natural  fines,  take  the  logarithm  of  A^,  and  find  it 
among  the  logaFithm  fines,  neglefting  the  indices  of  both, 
and  you  have  the  angle  ABE,  which  being  doubled,  is 
the  angle  ABC. 

If  there  be  no  miftake  in  meafiiring  the  right  lines, 
and  if  AC  lies  in,  or  near,  the  true  level,  the  angle  will 
be  found  perfectly  true.     An  error  in  AC  will  afFe£t  the 

t  angle  more  than  an  equal  error  in  AB  or  BC ;  but  even 
here,  if  tho  error  does  not  exceed  V^  of  a  link,  or  t-^ 

,  part  of  the  radius,  the  .angle  will  not  be  above  two  minutes 
wrong,  (unlefs  the  angle  be  large),  which,  is  a  degree  of 
exaftnefs  far  exceeding  that  of  the  common  mftruments. 
Exam.  I.  The  radius  being,  one-  chain,  fuppole  the 
length  of  the  chord  AC  is  67^^  hnks,  or  .673 
icooth  parts  of  the  chain ;  the  half  of  this  is  .33§5j 
which  is  the  natural  fine  of  19°  40' ;  and  therefore  the 
.  angle  ABC  is  39°  20'. 

2.  Let  the  chord  AC  be  127^^' links,  or  1277  of  fuch 
,  parts  as  the  radius  is  1000;  the  half  of  this  number.is 
.6385,  which  is  the  natural  fine  of  39°  41'  |  and  there- 
rfore  the  angle  ABC  is  7^°  22'. 

,  The  radius  being  one  chain,  an  error  of  tV  of  a  link, 
i«r  T^  of. an  inch  in  the  length  of  AC,  would  caafe  an 

error 
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•rror  of  three  mioutes  in  an  angle  of  about  800 ;  but  ^ 
ftch  an  error  could  fcarcely  happen,  if  due.  care  be  takea  • 
in  meafuring  AC. 

2dly^  To  find  out  the  quantity  of  a  horizontal  angle  ' 
by  meafuring  its  tangent ;  Fig.  29.     Let  CED  reprefent 
an  angle  on  the  grqnnd.     Meafure  any  diftance,  fuch  as 
one  chain  from  E  to  D  in  one  of  the  fides  containing  the 
angle  for  a  radius ;   then  from  the  point  D  mark  out  a  : 
perpendicular  to  ED,  and  place  a  pin,  or  arrow,  in  C,  at 
its  extremity,  in-  the  other  fide   containing  the  angle. 
Meafure  CD,  and  reduce  it  to  loooth  parts  of  ED ;  it  is 
the  natural  tangent  x>f  the  angle  CED  5  and  hence  the  : 
angle  will  be  known  from  the  tables  as  before.  . 

Exam*  Suppofe  the  radius  ED  is  one  chain,  or  1000  ^ 
equal  parts  of  any  meafure,  and  that  the  tangent  DC  is  - 
found  to  be  43x0-  links,  or  .438  parts  of  ED  j  this  num- 
ber is.  the. natural  tangent  of  23"  39' 5  and  fo  much  is  the 
an^lc  CED. .. 

'idlyy  The  quantit7of  a  horizontal  at^gle -may- be  found 
by  meafuring  its  fecant ;  for,  (in  the  fame  figure,)  having  ; 
raeafured  the  radius  ED,  and  found  the  point  C,  where  • 
the.  perpendicular  drawn  from  D- meets  with  the  other 
£de;  EC  is  the-nacural  fecant  of  the  angle  CED  j  and 
EC  being  meafured  in  loocth  parts  of  the  radius,  and  ' 
found  in  actable  of  fecants,  the  angle  CED  will  be  . 
known.     But  it  is  to  be  obferved,  that  iinlefs  the  angle  - 
be  above  .45^,  there  is  greater  uncertainty  in  meafuring  ; 
the  fecant  than  the  tangent ;  and  I  would  never  recom-  - 
mend  this  method,  except  in  large  angles,  and  when  the  - 
tangent  could  not  be  meafured  on  account  of  fome.  ob-  ~ 
ftade.  in  the  ground. 
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UpQQ  tke  \irhoIe,  the  beft  method  of  fiadtag  the 
quantity  of  any  horizontal  angle,  14  to  meafure  either  its 
chord  or  its  tangent.  Acute  angles  can  be  meafured 
more  accurately  by  their  chords  than  obtufe  angles;  and, 
therefore,  when  the  angle  is  large,  I  would  divide  it  into 
two  parts,  equal  or  unequal;  and,  by  meafuring  the 
chord  of  each  part  ieparately,  the  quantity  of  the  whole 
will  be  known. 

There  is  l^fs  chance  of  error  in  meafuring  the  tangent 
of  an  angle  than  in  meafuring  its  chord,  efpecially  if  the 
angle  be  between  jo°  and  80%  on  account  of  the  rapid 
increafe  of  the  tangents  ;  for,  if  the  angle  be  aboiit  60% 
and  the  radius  one  chain,  an  error  of  one  inch  in  the 
tangent  will  make  the  angle  only  one  minute  wrong  ^ 
and  io  gi'eat  an  error  could  Icarcely  be  committed  by 
a  careful  per fon. 

Acute  angles  only  can  be  meafured  direftly  by  their 
rncgcnts;  but  the  method  will  apply  to  obtufe  angles,  by 
dividing  them  into  parts,  and  meafuring  the  tangent  of 
each  part  fcparately  ;  and,  in  this  cafe,  the  radius  (hould' 
be  meafured  in  a  flraight  line,  dividing  the  angk  into  two- 
carts,  a«  near  equal  as  can  be  gueffed  by  the  eye  ;  and,, 
on  the  extremity  of  this  radius,  fet  off  a  perpendicular  ta 
it  towards  each  ftdc  conraining  the  angle,  thefe  will  be 
the  tangents  of  the  parts  ;  and  being  meafured,  the  quan* 
tity  of  the  whole  angle  will  be  known.  This  Should  be: 
done  in  any  angle  which  is  ab®ut  or  above  80^. 


Ji 
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^t  a  given  paint  on  the  grounds  to  mark  out  a  Jtraight 
line  perpendicular  to  amither  given  Jiraight  lif*f  pqffing^ 
through   that  points 

Take  a  fmooth  board  of  any  form,  and  thereon  draw 
two  right  lines  cutting  each  other  at  right  angles,  anct 
place  two  fights  on  each  line  a  few  inches  diftant  from 
each  other.  Contrive  fome  means  to  fix  the  board  hori- 
zontally on  the  top  of  a-  ftaffl  Then,  having  fixed  the 
ftafFia  the  ground  at  the  given  point,  with  the  board  on 
the  top  of  it ;  turn  the  whole,  until  through  one  pair  of 
fights  you  fee  along  the  given  right  line,  and  then  the 
other  pair  of  fights  will  be  in  the  direftion  of  the  perpen- 
dicuVar  required:  In  that  direAion,  place  a- pole  at  any 
convenient  diftance,  and  the  right  line  between  your  ftaff. 
and  the  pole  is  perpendicular  to  the  given  right  line. 

Note.  Sights  are  fmall  pieces  of  wood,  or  brafs,  ha? 
"ring  fmall  holes,  or  flits,  in  them',  to  view  diftant  objefts 
through.  They  are  fixed  perpendicular  to  the  plane  of 
any  inftrumcnt,  and  ferve  to  direft  the  view  in  a  right 
line.  Such  as-  have  crofs  hairs  in.  them  are  reckoned  the:* 
beft^ 

-/f  Description  of  TwoVoLusr/or  Meafuring  VeR- 

Provide  two  ftraight  poles  of  wood,  one  about  10  or 
1 2  feet  long, .divided  into  feet,  inches,  and  roth  parts  of 
an  inch.  Provide  alfo.  a  ftool  about  12  or  15  inches 
high,  having  three  feet,  the  whole  of  a  considerably 
weight  to  ftand  firm,  and  having  a  hole  in  the  middle  of 
it  to- receive  the  end  of  the  pole  eafily  j  and  let  the  end 
of  the  pole  that  goes  into  the  ftool  be  put  through  the 

middle 
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middle  of  a  board  of  hard  wood,  which  board  muftlid^ 
firmly  fixed  to  the  pole,  and  fo  near  the  end  of  it,  that,  > 
•when  the  pole  is  put  into  the  ftool,  the  board  maybe* 
only  two  or  three  inches  diftant  from  the  furface  of  the 
ftool,  and  parallel  to  it.     Make  three  or  four  fcrews  pa6 
through  the  board  and  the  ftool,  to  fix  the  pole  firmly 
to  the  ftool,  and  alfo  to  fet  it  truly  perpendicular  to  the 
plane  of  the  horizon.     In  order  to  afcertain  this,  a  plum- 
met may  be  hung  from  fome  point  of  the  pole,  or  it  may 
be  adjufted  by  a  feparatc  plummet.     Aifo,  let  there  be 
two  pieces  of  wood  or  bl'afs  put  upon  the  polef  to  Aide 
up  or  down,  each  having  a  fiducial  edge  toftibw  the: 
true  point  where  they  reft  on  the  pole. 

Make  alfd  another  pole  about  four  or  five  feet  long^ . 
having  a  (harp  end  to  ftickin  the  ground,  or  elfc  a  three- 
footed  ftool  to  fix  it  in  like  the  other  ;  but  there  is  no 
need  of  fcrews  here;  iPthe  pole  ftand  firm  any  how,  the 
end  will  be  anfwered.  At,  or  near  the  top  of- this  polei 
fix  a  fmall  fpirit-level  whh  hair  fights,  and  to  turn  round 
an  axis,  which'  axis  muft'be  perpendicular  to  the  pole. 
By  this  mean's,  the  fights  will  be  eafily  dircfted  towards 
the  top  of  any  high  objeft,  and  alio  turned  into  the  level » 
line.     And  thus  the  two  poles  are  prepared  for  ufe. 

r<?  Meafure  a7jy  Verticah  Angle ^  not-exceeding  64°,  by  th§  j 

two  Poles  above  defcribed. 

Let  AEB  "be  the  vertical  angle  to  be  meafured ;  A  • 
being  the  top  of  a  high^  obje£V,  and  FB  the  level  ground. 

^'>-  43- 

At  any  convenie'nt  point  C,  place  the  longeft  pole  CD,  . 

and  adjuft  it  truly  perpendicular,  ro  the  plane  of  the  hori- 
zon. - 
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:«:oa-  "Meafiire  fome  convenient  diftance  from  C  to  F, 
3ind  there  place  the  fhorteft  pole  FE  with  the  fpirit-level. 
-Turn  the  level  on  its  axis  until  A,  the  top  of  the  high 
objeft,  is  feen  through  the  fights  %  then  move  the  flidihg 
-mark'D  on  the  long  pole,  until  the  fiducial  edge  reft  on 
-the  long  pole  precifely  in  a  right  line  between  E  and  A^ 
-which  will  be  4tnown  by  feeing  A  and  D  through  the 
iights.  Then  turn  the  fight«  into  the  level  line,  and 
enove  the  ether  Aiding  piece  until  its  fiducial  edge  reft  at 
G,  where  the  level  line  meets  the  long  pole. 

Hence  GD,  the  diftance  between  the  Aiding  pieces  on 
the  long  pole,  will  be  known  ;  and  £G,  the  diftance  be- 
-tween  the  poles,  is  known.     Therefore, 
As  the  diftance  between  the  jioles  EG 
Is  to  the  fpace  between  the  Aiding  pieces  GD, 
.  So  is  radius 

To  the  tangent  of  the  angle  AEB  ;  \vhkh  was  re- 
quired. 
If  the  poles,  level,  and  Aiding  marks  be  made,  adjuft- 

•  cd,  and  applied  as  above,  there  is.no  danger  of  any  error 
» in  the  angle. 

The  poles  may 'be  placed  at  any. diftance;  but,  if  the 

■  ground  will  admit,  it  will  be  beft  to  place  them  at  fome 

'  determined  diftance,  fuch  as  to  or  io  feet,  or,  rather  at 

•100  or  TOGO  equal  parts  of  fome  known  meafure,  as  loo 

inches,  loo   half  feet,  or  one  furveying  chain  of  loo. 

•  Knks  5  and  then  the  diftance  of  the  poles  being  the  fame 
-  number  with  the  radius  of  the  tables,  if  GD  be  reduced 
-to  loooth  parts  of  EG,  and  found  in  the  table  of'tan- 
.gents,  the  quantity  of  the  angle  will  be. known  without 
^calcuktba. 


t^a  ft!  E  N  S  U  R  A  T I  O  M. 

Exam.  t.  Let  the  didance  of  the  poles  EG  be  i« 
feet,  and  the  cliftance  between  the  level  point  G  and  the 
Hiding  piece  D  on  the  long  pole  be  17^  inches  ;  it  is  re- 
quired to  lind  t'le  quantity  of  the  angle  AEB? 

Here  i-jl  inches  is  1.4791  feet ;  and,  becanfe  the  r^ 
dius  is  10  feet,  x.4791  feet  in  loooocth  parts  of  the  ra- 
dius is  .14791,  which,  in  the  tables,  is  the  natural  tan- 
gent of  S^  25',  the  angle  fonght. 

2.  Let  the  diftance  of  the  poles  be  20  feet,  and  GD 
on  the  longcft  pole  7  feet  9.75  inches  5  required  the  an- 
gle AEB  ? 

7  feet  9.75  inches  is  7-8125    feet;    to  make  this 
looocoo  parts  of  the  radius,  divide  ao  feet  and  7.8125 
feet  both  by  20,  and  GD  is  .390625,  which  is  the  na-. 
tural  tangent  of  21°  20',  the  quantity  of  the  angle  AEB» 

The  long  pole  may  have  only  one  Hiding  piece  upon 
it;  and,  when  that  is  the  cafe,  having  placed  the  poles  at 
^  proper  diflance,  turn  the  fights  into  the  level  line^  and 
move  the  Aider  until  the  fiducial  edge  rcfts  at  G  in  th« 
level,  and  note  down  the  height  of  it ;  then  turn  the 
fights  towards  the  high  objeft,  and  move  th^  flidiag 
piece  until  you  fee  the  fiducial  edge  of  it,  ahd  the  top  of 
-the  high  objeft  in  a  right  line,  and  note  down  the  height  5 
then  the  difference  of  the  heights  of  G  and  D  will  be 
known,  and  confequently  the  angle  may  be  found  as  be* 
fore. 

The  longeft  pole  may  have  a  Aiding  piece  in  It,  to  be 
extended  upwards  when  there  is  occafion  5  and,  when 
that  is  ncceffary,  the  Aider  may  be  moved  up  only  to  far, 
that  the  top  of  the  pole  and  of  the  high  objeft  may  ap- 
pear tbrough  the  fights  in  a  ftraight  line  5  and  then  the 

Hiding 


fitSmg  Kiarft  ¥fili  be  of  oa  ocker  vtfe  bvk  fo  And  cbe  pobt 
G  OA  the  Ipfig  pole  wtbc  )ev«l<')ifie  wiih  £>  tke  top  of 
the  (horteft  poici     *»    ,  »       •        •    ^ 

The  Ipf^  polf  ffl^Jl  hfi  dikv\d0  only  .vw,fc«^  «nd 
inche$;  for  the  od(l.p^ts  beiog  takoo  wj(h  dp^>^of 
<39EQpa(&Sy.a0.d  4ppi^c4|  t»  a  (cal^  tfa^  djftancp  between 
t;he  /lidiog  0l4ijft$  vUl  be  kaown  ia  loodtb  parts  of  an 
inch  ;  and  this  will  be  fufficieDtiy  e)u|^  for  any  p^rpoCe* 

Wbeu  th«  aQ^le  Ao  b<;  pxeafurcd  is  AqatU  as  moft  of 
tl>o(^  A^  wb'^  fcrvie  4x)  find  the  altittrdq  aini  hprUoocal 
l^vel  pf  rJAp$.gfP^4^  hiUs,  jfoomvtainii  &c  theddOimci^ 

pf  the  pgjes  i^iay  be  aa.*ir^t  ^r  fluore  •,  bii^,  w|ief  a  larg|5 

» •  •    •  •  « 

apglc  is  tp  be  wafuried^  f?  49  taking  the  alifitude  of  the 
fun^^  o|r  any,  A^^^  fb^  diJ^D<:c.of  the  poles,  n^uft  be  l^fs. 

When  tbp  anglf  jsiei^liiifn  45%  tbe  4iftaqf:ci  pf -thQ 
poles  may  be  10  feet  at  leaft ;  but,  if  the  angle  be  abov^ 
Jl^^%  ^hp-  the  di(laD^e  pf  the  fpU$  muft  be  Ma  tham  !• 
fect^  o^  th.eJoAgeft  pplf  x^ufl.bf  togtben^  by  a  flidiQg 
pi^CC^  qvbj  fix|9gni^ot^  pole  OQ  the  top  of  ihf  foff* 
mer,  ,  T^dittiftci?  gfcthcpgles^ooW  i^v^  Ufft^ch 
lefs  than  10  feet,  n^  imifib  greater  than  ^  £set«  ; . 

Jf  the  angle  be  under  ta%  and  thediftanceof  the 
Tpoki  to  <Btet,  the^voodtft  part  of  an  mch  on  the  long 
pole  is  the  tangent  lifnteiit^o Seconds  ^  and,  if  the  di& 

tance.  qf.{i^  poles  be  ap^.  feet)  tb$  .1  ppdtl^  p^rt  of  an  iach 
\s  the^|a<igeiat.of..ahpat  6  fecpf d»4  bor^  if  tfa^  angle,  be 
4j;%  or  aifpvj^^  the  ipcdth  pgn  pf  an  ineh  is  tjae  ungent 
^fQ%  pr^yfle^nds^ac^WflHrg;!)  tl^^edUUnoepf die  f9i^ 

•'■'*•  L  ^  Ji 


j«* 


i^^  MENSURATION.^ 

Ti9  tnea/ure  a,  verticfe  angle  by  the  Poles  on  Jkping  grosMt 
,  ^tbat  U^nvben  the.  ground  JkpeA  from  tbt  hngeft  tovuarir 
.tkejhortefl  Pole.     Pig.  i  end  2.  Plate  5. 

If  the  t6p  of  the  (hortdt  pole  he  in  a  level  line  witH 

nhe  under  part  of  the  longeft,  mcafure^from  C  to  O,  and 

from  the  Square  of  CD  fublraft  rhc  fquare  of  the  fhorteH 

pole  El>r  the  fqaarcroot  of  the  remainder  is  the  level 

diftance  of  the  poles  EC. 

If  the  level  line  meets  ^he'longcll:  pole  in  Ibme  point «, 
fubtraft  Cn  from  'ED,  and  from  the  fquare  of  CD  fob- 
track  the  fquare  of  the  remainder  Be,  and  the  fquare  foot 
of  the  It  ft  remsdnder  is  pC,'t^e' level  diftance  of  the 
poles;  Sy- repeating  this  operation,  the  iev3  diftance 
between  any  two'ftations  may  be  fourfdj  although  naea- 
fured  on  floping  groimd.    The  reft  of  the  operation  is 

the  fame  as.  before.  

The  inftftiments  (now  in  lilc)  for  meiforing  angles, 
confift  x)f  a  circle,  or  fome  parttif  it, divided  hltcr  de- 
grees j  an  index,  moveable  abodt^YHe'cihter,  and  fights 
of  fome  kind  or  other  for  viewing ^diftaiitoEijeds^  whfaa 

contrivance  to  6x  it  on  a  fiilcniini  orYoot. 

'  I-  ^  *     ' 

To  meifut£  a  ^horizontal  atigk  ABC,  Fig.  41*  with^aAy 

tireular  -infiri^nent.  :, 

Place  poles  at  A 'and' C.  Set  the  inftrnment  on  its 
footi  fo  that  ats  center  beat  the  ingular  point 'B,'  an3 
truly  level.  Set  the -indexto  the  beginning  of  the  de- 
grees y  then  t<im  about  the^infthiment  untihtHrbngh  the 
viights  you  fee  the  pole  at  A ;  fix  the  inftmmentia  this 
pofition,  and  turn  the  index*  ^boutf  until  through  the 
:^tghts  you  fee  the,  pole.at  Cl,\  and  the  number  of  degrees 

^afle< 


ME-NSir'RAT'lOt?,  f^, 

palKcF  orer  by  the  inde:t  is  the  meafur*  of 'the  aagle  ^ 
ABC. 

7o  mtafttre nnj  vei^ical  angle  with' a xircuhirin/lrurnent^^ 

Set  the  plancj  oc  face  of  the  inftiUment,  (ruly  perpeo-  - 
dicular  to  the  plane  of  the  horizon,  ,and  the  Index  truly  ; 
level ;  then  turn  the  indextintil  through  the  fights  you :: 
ftethc  topof  the  high  objeft  j  and  the  number  of^de-- 
grees  pa/led  over  by  thcindexisthemeafupc  of  the  ver^  - 
.  ticai  angk«. 

Height's  and  Difiahcesy  which  are^ the  fiibjeft  of  thfc.? 
following  prdblemsi  are  dther  acceHible  or  inacceffible.  . 
TerreftriaV  <)bj'e6li  j  fucb  -as  ttces^  -  towens,  or  ^other-high  \ 
boildings,  hiils)  moufitains^  &a.  areacceflibieiQ'Gertaia-. 
fituations,  and  inacceffible  in  others.  ^  Cdeftial.objefts^  , 
fuch  as  the  fun,  moon*  and/flarsjare-alwaysinacceflible,  ^ 
on  accouixt  of  .jtheir  diftance.^- 

V 

Having,  (hown  bow  .any  ^  angle^^either  horizontal  <^  r 
vertical,  may  bormeafured^  I  (hall,  in  what  follows,  only 
point  out  the  angles  to  be  mea&ired  in  the  field,  and  :. 
leave.  the^H-aftittQuerjo  his  ow4i  judgment  with  .reipeA  :, 
toth-C  meanj  gnd  manner  of  performauce. 

Pro  a* ;  v.  v  TS:  meafurt  the  height  of  an  acceffihle  AjiR^  ,. 
JUeh  as,  a  growing  tree^  a  tQwer^  or  jathet  high  lua/i  AB^  ^ 
Fig.  42«  * 

From  B,  t)ie  root.o£  thc.height^.meaf»re>aQy  conve- 
aieat  diftance  to.  £,  and  there  meafure  the  angle  A£B  ;  . 
then,  ia  the  .right  angled  triangle  ABE,  the  fide  £B  and  ^ 
tlMLangl^s.are  known ;  to  find,  die  fide  AB.. 


1 


■X 


l4  ..MENSURATION. 

£xi>c.    Lcc  tb0  4iftaace  £8=164!  lioksj   amd  the 
angle  AEB=:37°  30';  required  AB  ? 
Anfiuer.     28o.84» 

There  arc  fevcral  other  methods  of  meafuriDg  an  ac* 
ceffiblc  height,  which  may  be  applied  with  advantage  oa 
fome  occafioos  \  Tacli  as, 

\fi%  By  its  fliadow,  Wh«>  the  fon  ftiines^  fix  a^.pde 
in  the  grcwnd  perpendicakr  to  the  plane  of  the  horisson;. 
meafure  the  fhadow  of  the  pole,  and  of  the  objcd  whofe 

height  k  required,  and  alfo  the  height  6f  the  pole  \  and 
tbe% 

h^  the  lengfek  of  the  (badow  of  the  j^dki. 

Is  ta  tlte  kfigtb  of  the  (b»dow  of  ike  high  obi^  ^ 
&o  is  the  height  of  Hue  polb^ 
To  the  hcigha:  of  the  cAjtA* 

Exam.  Let  the  length  of  the  fliadbtr  <5f"the-p<ae 
«e  4^  inches^  4i5d  its  het^i  39-  ift<Acs,  nud  the -ftwdow 
tf  a  tree  7$  f«^t  i5  ifidm;  iKffaHjfi  €faek%hciQf  the: 
lr«e  ?    rfiijC  W  8  f«ct.  -  ' 

iV  -ff:  This  is  fhe  ffiort^ft  aotf  ealfeft  method  tit 
meafuring  the  heights  of  grooving  tree^,  or  (fther  accefi-. 
We  cbjefts,  when  great  cxaftnefs  is  not  required;. 

2^j^,  By  a  mirror,  %.  44^  ftace  a  plain  mirror  at 
KiMd  mov^  back  to  D,  dhitfihgryottr  ftation  fa*  that 
your  eye  being  at  F,  yoir  may  fee  the  top  of  the  hlghtJb- 
je«  A,  iit  fomepatticnlar point  of  the  tairror  E. 

theftr,  becarffc  the  atigle  of  inddence  AEB  is  eqnaTtth 
fhe  aftjrie  of  rc'fleftion  FED,  aiid  the  angles  at  D  and  B 
are  right  ooes)  the  trlafegks  FDE^  ABE^,  are  fimilar. 

Meafure 


M£,NSX7RATI0N;.  .  ^ 

ISoifiire  (BE^£D,  and  Df  }  and  theD«  as  £D :  DF:  ^£ft;. 
BA. 

Note.  In  order  to  have  a  fteady  view,  it  iwU  be  pro»^ 

ppr  to nfe  a  pole  J^F,.  jujsd  apply  your  eye  to  F. 

Exam.    Let  SAtsz^^Z  ia^  £Dcs€  faet,  and  chii^- 

If  may  foihetimes  happen,  that  a  flian^ould'  wifti  to* 
meaifure  a  hti^t  and! 'diftadce  whenlie hafh  lio  iaft«p* 
meots  to  mealare  angles.     In  iiich  cafes,  an  equil:tter:d; 
tfiafigle  made  of  a  linootb board,  having  ^gbtspiatxd  on- 
its  three  angles  at  A,  B,  and  C,  and  a  plnmmex  hong, 
from  C ;  alfo  two  of  its^  ifides  bifeaed  at  D.  and  E  by  m-^ 
dented  line»,  and  a  fight  placed  occafionally  at<  D  or.£*. 
IT  fuch  a  wooden  triangle  be  made,  each  fide  about  i^ 
inches  long,  and  fome  meana  be  thought  ot  to  fix  it  od^ 
the  top  of  a  ftafT*  ekhei  m  a  horizontal  or  verikrai  po^<* 
ni^Af^Msat^ problems  may  be  felved  by  it.  Aj>  3.  /^«^  5*. 
'    In  opder  to  apply  the  triai^le  to  the  folution  of  pro^ 
btemi vie  CDU<V  foe lieown, .that  half  tbecftde.Al)  is  to  \ht 
perpendicular  DC^  as  1000  is  vy  i<732 ;  and  that  the  fide 
AC  is  tp  the  perpendicular  CD^  as  i coo: is  to^V66. 

•  •  •  » 

To  meafure  tSe  altiiuJc  if  [an  iUffJJlkle  ohjtSt^  fuch  a:  m 

4vAf  t^mf^yi^tCyScc^if  c$  equilattrul triangle.  Fig.^Z* 

iPind  the  ftatioa  E  by  trials,  wher«  the  baft  of  rfie 
tffengle  belnn;  phccd  in  the  levd  line,  by  tfie  plttmiii^> 
you  can  fee  the  top  df  thr  high  obycR  A  through  the 
^ghts,  placed  ^n  the  (rde  of  tile  trmngl^';  then  meafune 
from  your  Ration  E  to  the  Wgh  object,  and  EB  wilt  te 
Itnown  And  as  1000  is  to  173.2, Xo>is  £B  toBArtte 
dtitudc  Kquired..  ^  .- 


Iffi  MEBPSlTRATrCMt 

ExiK.  Ler£B:±96  feet;  reqinrcv^  the  hdght  of  iS^ 
tiwer  ?    Jnf.  166.27  feet. 

Prob.  7.  70^  meafure  ibebeigbt rfanj ittaceeffiUe  at^ 
jiB  AB»  as  ai/o  its  dijtance  CB.     F^.  45  . 

€%iiie  two  convenient  ftadons  C  and  B»  firom-whencc 
th£  hig}ieft  point  A  can  be  feent  and  meafnre  the  two 
angles  ACB^  ADB,.and  the  diilaac^.  of  the.  flatioas  C. 
and  D. 

Then,  becanfe.the  an^  ACB^  is  eqnal  to  both  the. 
angles  CAD  and  ADC,  Tubtraft.  the  angle  at  D  from.. 
the  ang^.^^CB,  the  remainder  is  the.angle  DAC.  Now^. 
in  the  oblique  angled  triangle  ADC,  all. the  angles,  and. 
the  fide  DC, ^u-e. given;  to  find^C  And  then,  in  the. 
right  angled  triangle  ABC,  the  angles,..and  the^hypothe-. 
Bnfe  AC,  are  ^ven ;  to  find  AB  and  BC» 

£^AM«  I.et  the  angle  ACB=:;o^  39',  the  angle  at; 
D-33*  30',  and  the  didance  of  the  flations  €0=360 
feet  $  reared  AB  .andBC  ?'  ^a/ AB^rjzi,  and^Cbr 
447.2-- 

TV  meafure  an  inaccefflhh  altitude  AB  by  tie  equilateral  c 

triangle:    Fig.  45^.- 

Find  the  ftatibn  C  by  trials,  where  the  bafc  of  tht 
triangle  being  placed  in  the  level-line,^  you  can  fee. -the 
top  of  the  high  objefl:  through  the  fights*  on  the  fide  of. 
the  triangle ;  then  find  the  ftation  D,  where  the  triangle, 
being  placed  as  before,  yon  can  fee  the  top  of  the  high. 
abjeA  through  the  fights,  which  are  placed,  one  at  the, 
Mtremity  .of  the  bafe,  and  the. other  in  the  middle  of  the> 
«Pj)ofite  fide  at£«.  Mcafore  CD>  the.diftance  of  the. 

ftations, , 


IflENSXJRATIOK;  tf 

HtfttiDOs,  and  CD  is  equals  to  CA;  vrhkh  is  therefore 
•^Icaown.  Then,  as  loco  Is  to  8-61  ft  U  CD,  or  CA  ^^ 
AB,  tJie  altitude^  andt  as  i?;^^  I3  td  id*o,  lois  AB  tv. 
BCi^iie  dlSance  of  tfeehigh  objeft  from  ihe.ftatioii  G. 

The  only  difficulty  ja. applying  t^eqi|i)ateral  triangle^ 
16  to  find^he  fiacioas.exa6]tly9  which  a  I'ttle  ppa(5lke  will 
Tender  ealy  :  Bat,  UDlersvyou  can  cpr^e -fo,  near-'thci  Ugh 
objeA,  thar  the  angle  i^CB  Is  60%  the  triangle  cannot 
be  applied.        \  .        ''         ' '\ 


•.X 


Prob*  3.    To  -tnetifure  the  height  ^  a  tower  KB^ 
ponding  on  a  high  rock  or  mountain  Efi.     Fig,  46. 

' '  Take'  wo  Itatibns  C  and  D,  from  whence  the  points 

1£  and  A  cae  be  leen,  and  £nd  the  quantities  of  the 

Mg\&i  ADBi  ^AiGft,  andiiCB  \  atidineafure  ]DC /Efcea 

^alculace  AC,   AB,  /and  BC  as  m:  tKe  Jaft  ppoWfeni: 

L       Laftly,  Id  the.rrght  angled  triangk  J^CB,  there  is  gilvea 

f      C&y  ted  the  ang^d  £CS ;  to  findifiE*;  whkb  being  fab- 

^ranEledrfrom  ABLthe^niaioder' U  A£,  ^ 

'  *'Exam-  Let  the  angle  ECB=5o^  'ioVACBrTd?^  cb!, 
arid  the  angle  af  D  -43^  40',  alfo  the  diftancev©f  the  ^ar 
tlons  CD-ii34  feet;  required  AE  and  EB. 
jinf.  AE-- 1,07.07, 'and''EB=T02. 22, 

^This  problem  .may.  be  iolved  by  the  eaullatei;^!.  trl- 

'  4.'.'.  -  -'jt 

':ap£ie  io^tbeigm^  manser  as  the  lad,  .  <  . 

•  > 

PjROa.  4.    Ti? ,.^nd  the  pirptvdicui^r  -height^/  4  hill 
AB,  furf  ivi/«r^  fhe,Jl^Ji^  AC  4o  the  h9r$ZQntal  levA 

If  AC  be  fuch  an  afcent  as  can  be/meafured  wjtb< 
cImio  'y  4»d|  if  4be^ot  A  can  be  feen  from  C ;  thea 

ineafttffv 


loesfbre  the  aAgk  ACB^  anf^  the  Hope  fMe  AC;  aftcf^b 
#pe  right  angled  triaoglt  AKT,  rhe  hy^hennft  AC, 
aad  the  ao^e  at  C  beittg  knoMm,  AB  aad'  BC  maybe 
fooAd^  by  Cafe  4rh  of  riglir  angled^  triatii^.  Ait,  if 
AC  cafln<%t  be  meaftirci  with  a  cbato»  on  accooort  of 
^BIR,  or  iH-her  ohftaclcs,  it  is  ait  ihacceffibfe  height,  and 
alnft  be  meafiired  by  the  two  laft  problems. 

Exam.  Let  AC=2496  links,  and  the  angle  of  afceot 
ACB=2 1°  49' ;  required  AB  and  BC  ?  Jnf.  Afh:^^^.6^ 
BC=23 17.2  links. 

»        > 

Prob..  g.    T9  meafure  ibe  altitude  of  th^  Sung  dfUon^ 

^  am  Star.  ,  .         .. 

Whefi  the  fan  »  vifibtei  be  wttteiflMlpr  appear  in^  tfa 
korizon,  w&ere  he  hath  no^ltiwdc,  ^  in  idleNzemffa,  (as 
ki  the  torrid  zone  a«  oooo  dofy)  where*  His  ahitiidt  i^  90^  i 
«r  foo^where  between  theaemdi^AiidhDrizofli  mkI  theo 
the  number  of  degrees,  between  the  fimfg.  cemsr  and'ln* 
rizon  at  any  tipie  of  the  day,  U  called  hi.s  attitude  .*  Or, 
the  fun's  altitu<ie  is  the  angle  cont^ed  betweea  one 
right  line  drawn  from  (bme  point  in  th^e  plane  ^f  the 
horizon,  and  another  right  line  drawn  fron^  |he  lame 
point  to  the  center  of  the  fun.  This  angle  is  meafured 
the  fame  way  as  any  other  vertical  ungle  ;  but  here  there 
is  need  for  a  greater  degree  of  accuracy,  than  in  mea- 
furing  other  angles ;  for,  unlefs  the  fun's  altitude  be  taken 
Irue  io  half  a  miniitt,  the  obierration  can  be  of  no  afi?  in 
imding  the  latitude*  of  the  place,  the  hour  of  the  day,  6t 
the  fun's  azimuth,  which  are  the  ufual  qudfita  depending 
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To  perform  the  problem  without  an  inftrument  to 
fiieafure  an  angle>  chufe  fome  high  wall,  fach  as  the  end- 
ofahottfe;  talce  a^  pole  nearly  eqaal  to  the  height  of 
your  eye,  and,  by  trial,  find  out  a  ftation^  where  the  pole 
being  let  perpendicular  to  tie  plane  of  the.  horizon,  your 
eye  applied  to  the  top  of  the  pole,  may  fee  the  top  of  the 
wall,  and  the  upper  limb  of  the  fun  in  one  right  line. 
Then  find  a  point  in  the  wall  on  a.  level  with  the  top  of 
the  pole.  Meafure  the  diftance  of  the  pole  from  the' 
wall,  and  the  height  of  the  wall  above  the  pole  :  Arid*. 
then, 

As  the  diftance  of  the  pole  from  the  wall. 
Is  to  the  height  of  the.  wall  above  the  pole  ;, 
So  is  radius. 

To  the  tangent  of  the  fun's  altitude.  * 

From  which  fiibtraft'iC  for  the  fiin's  femidiameter ; 
the  remainder  is  the  apparent  aMtude  of  the  fun's  centen 

This- problem  may  be  lolved  by  the  two.  poles,,  de*- 
fcribed  m-pa^es  77,  7^,  7^9,  etfeq^. 

'  •   •        • 

Pkob.  6.     To  meafhre  the  diftance,  hetwein  any  two^ 
AjeEls.K  and  ^^  the.  j^nth  being  aectJfMe..     Fig.  48. 

Chu^  fome  convenient  ftacion  Cv  from  whence  the 
objeOs.A  and  B  can  be  feen,  and  place  poles  at  A  and 
C.  ^ieafure  the  angles  BAC,  ACB,  and  the  diftauct  of 
the  ftatiOns  AC  * 

The  fum  of  the  angles  BAC,  ACB,  b^ing.fubtrafted 
from  i8o"i  the  remainder  is  the  angle  at  B  -,  rhen,  in  ihe. 
triangle.  ABC,  the  angles  and  the  fide  AC  being  known, 
the  fide  AB  may  be  found  by  caic  ift,  of  oJiiqne  angled 
tmng^es.. 


fo  mensuration: 

Exam.  Letthe*angle  BAC^idp^  %ify  and  the  angle 
ACB=750  24',  and  the  diftance  of  the  ftations  AC 
=496  fcctj  required  the  diftance  A&?  Af^.  83a*68« 

N.  B.   When  it  is   not  convenient  to  mcafarc  the 
angles  BAC,  and  ACB  dlreftly,  their  fupplemcnta  D AC^. 
ACF,  may  he  meafured.^ 

2.  The  diftance  of  the  ftations  A  and  C  mnft  bear. 
Tome  reafooabie  proportion  to  AB-  It  ought  not  to  be. 
lels  than  f  or  Vxr  ^  ^>  ^f-  ppiEhle.. 

This  is  the  general  method  of  meafcnrlag  a.  diftance ;. 
but  there. are. other  methods  which. may  aoiwer  very  vrell. 
in  particular  cafes^  efpeciaily  when  a  fiiiaU  difi^ce  is  to 
be  meafured/  fuch  as  the  breadth  of  a  xWer. 

To  sneafttre .  a^  dtfiance^  accej^le-at^^ne  txtrzmkji  hyfiut 

poUu    Fig,  48* 

Place  pol^rs  at  A  and*  C,  fo  that  BAC  inaj  bd  a  -right 
angle.  Meafore  AC,  and  take  AD  in  the  fame  right 
line  with  AB,  equal  to  oee  cbaiOi  or  any  cooveoient 
length,  and  place  a  pole  atiX  Plaor  anotherpole  arE» 
m<di'ing  ADE  a  right  angles  th»o  DEwUt  be  parallel  td 
AC.  Take  D£  equal  to  AC,,  and  meafure  forward,  in 
the  fame  right  line  with  Dl£,  untihyou  come  to,the  pcrint 
F,  where  you  fee  the  pple  at  C,  and  the  point  B  in  the 
fame  right  line  ^.  and  then  by  fimilar  triangles^  ,as.  FE; 
EC:  :CA:  AB. 

Exam.  Let  AC=426  links^  AD  or.  CE=r  100  Iink% 
and  EP=57  links  j.  required  the  diftance  AB  ?  An[.  747.3 
liak$« 

2dlyi 
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afflf,  The  fame  thing  may,  be  dene  by  aft  equilateral  Wi'' 
4mgle. ,  Fig.  4j; . 

Place  the  triangle  horizontally  at  A,  fo  that  along 
'  one  fide  of  it  you  can  fee  the  point  B ;  and.  In  the  di- 
reftioa  of  the  other  fide,  place  a  pole  at  C ;  then  mea- 
fiire  from  A  to  C,  (the  point  C  bemg  found  by'  trial), 
where  the  triangle  being  placed  horizontally,  you  can  fee 
the  point  A  aioog  one  fide  of  it,  and  the  point  B  along 
the  other.  Then  ABC  is  an  equilateral  triangle ;  asd 
fo  AB  is  equal  to  the  meafured  diftance  AC. 

If  the  perpendicular  diftance  between  the  line  AC  and 
the  point  B  be  required  :  Having  placed  the  triangle  ^t 
the  point  A  as  before,  and  marked  out  the  line  AC  by.  a 
.  pole,  meafure  along. that  line^ntil  you  find  (he  point  £, 
where  the  bale  of  the  tria;r|gle  being. placed  in  the  direc- 
tion of  AC,  you  can  fee  the  point  B  through  the  fight.  E 
in  the  middle  of  the  bafe,.  and  chat  on  the  oppofite  angle ; 
and.theQ,  as  xooo  is.to  1732^  foJs  AE  to  E3>  the  dit 
tance  required. 

3diy,  Hymeafurivgihejides  of  a  triangle  equal  tv  ^he 
triangle  ABC»    Fig.  50. 

Place  poles  at  A  dnd  C,  fo  that  BAC  be  a  i*ight  angle  5 
meafure  AC,  and  in  the  fame  right  line  meafure  CD 
equal  to  AC  5  and  from  D,  fet  ofFDE  at  right  angles  to 
DC.  Meafure  along  BE  until  you  come  to  the  point'E, 
in  a  right  line  with  C  and -B  5  then  ED  is  equal  to  AB, 
which  therefore  is  known.  This  method  is  good  enough 
in  fmaU  diftances.  But,  when  the  diftance- AB  is  large, 
-take  CD  equal  to  fome  part  of  AC,  fuch  as  |,  fi  or  -rV  > 
and  then  D£  being  meafured,  and  multiplied  by  41  5,  or 

W2  IQ, 
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lo,  the  produft  will  be  cqaal  to  AB. .  This  methb'd  wifl 
apply  to  any  diftancf  wirhla  your  view;  and^  it  yon 
meafare  EC,  you  may  find  the  diftance  CB-by  the  lame 
kind  of  o'^ration.  In  this  manner,  the  diagonals,  or  fides 
of  fields,  may  be  found  X3ut,  ivhen  obftacles  hinder  the 
aflaal  ^enfuration* 

Puo'B.  7.  To  meafkre  an  hacctffihle  dt fiance  AB  from 
two  ftations  C  and  D,  from  nohence  its  extremities  can  be 
feen.     Fig.   51. 

Meafure  the  angles  A  CD,  BCD,  CDB,  and  CD  A, 
with  the  diftance  of  -^he  ftations  CD.  Then,  in  the 
Ttriangle  ACD  having  the  two  an|?les  ACD,  ADC,  and 
the  fide  CD,  ^we  can  find  the  fide  AC;  and,  m  the 
triangle  BCD,  having  the  two  atigles  BCD,  BDC,  and 
the  fide  CD,  we  can  find  BC.  Laftly,  in  the  triangle 
ABC,  having  the  two  fides  AC  and  CB,  with  the  con- 
-tained  angle  ACB,  we  can  find  the  angles  CAB,  ABC, 
4ind  the  fide  AB. 

•ExATtf .  Let  the  angles  ACD=foo°  30',  BCD-sS^ 
CDB-i'o8%  CDA=42°  3c',  and  ACB=62?  30',  and  let 
the  diftanceof 5he  ftations CD:=398  links  j  required  ABi 
u^;j/I  615  links. 

To  meafure  aninaccefftble  dijlance'  AB  iy  the  efuiluteral 

triangle*     Fig,  ^  plate  S* 

Place  the  equilateral  triangle  horizontallyat  E,  fo  that 

yon  can  fee  the  point  fi  along  one  fide  of  it ;  and,  in  the 

direftion  of  the  other  fide,  mark  out  the  Jme  EDCF  by 

^^oks)  and  leave  a  pole  at  E.    Then  meafure  from  £ 

■jaatil  you  come  to  the  point  D,  where  EDB  is  a  right 

an^le, 
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wigte,  ^aod  marie  down  the  length  of  ED,     Meafaoe  for- 

"ward  in  the  fame  right  Ime  until  you  come  to  the  point 

-C,  where  ACD  is  a  right  angle,  and  mark  the  length  of 

IX^.     Meafare  on  in  the  fame  line  until  you.come  to  the 

»^point  F,  (which  mufl:  be  fouod  by  trials),  where  the 

tnangle  being  placed  horizon taJly,  one  iide  of  it  in  the 

direftion  of  FCD,  you  can  fee  the  point   A  along  the 

other  fide  of  it,  and  mark  down  the  length  of  CF. 

Then,  ifJFC  he  equal  to  ED,  the  diilance  CD  is  equal 

to  AB ;  which  therefore  is  known  5  but,  if  FC  be  not 

equal  to  ED,  calculate  DB  and  CA  thus;  as  1000  is  to 

17^2,  f)  is  ED  to  DB  ;  and  {o  is  FC  to  CA     Tal^e  the 

difFerence  between  AC  and  BD,  and  the  fquare  of  this 

d>fFerence  added  to  the  fquare  of  CD,  gives  the  fquare  of 

^B,  which,  by  extrafting  the  fquare  root,  will  be  known. 

This  method  of  meafuring  an  acceflible  diftance  is 
both  eafy  and  accurate,  and  may  be  applied  with  fuccefs 
to  the  didances  of  mountains,  and  the  fides  of  fields, 
where  the  ground  does  not  admit  of  applying  the  mea- 
fure  to  each  fide  j  but  is  not  fo  proper  for  large  dlftances. 

The  equilateral  triangle  has  been  propofed  as  the  mofl 
fimple  inftrumeot,  which  can  be  made  in  a  fliort  time, 
•with  very  little  trouble  j  but,  if  we  ufe  a  fquare,  and  di- 
vide two  of  its  .fides  into  fome  number  of  equal  parts, 
Ave  may  folve  problems  more  conveniently. 

Descaiftion  (ftbe  Geohethicil  Sqjjare. 

The  Gfoimitricat  Square  mj>y  be  made  of  wood,  brafs, 
ior  any  other  matter,  either  folid  throoghour,  or  confrft^ 
4iigof  foiir  plain  lolera.  joined  together  at  ri^t  angles, 
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-A  is  the  center,  from  which  bangs  a  plnminet;  esbdh  of 
^he  fides  B  By  DE,  Hs  tli/i led  into  loo  or  i^oo  eqxui 
parts ;  C  and  F  are  two  fights  fixed  oq  the  fide  AD; 
there  is  atfo  an  index  AL,  which  tarns  roand-lhe  center 
A }  and  thereon  are  two  fights  K  and  L.  The- fide  D£ 
is  called  the<iiprigbt  fide,  and  ££  the  redinisg  fide  of 
the  fquare. 

Sn?  mtafure  tn  accejjibte  height  AB  hy   the  Ceometrtcat 

Square*     Fig-  6 y  plate  5. 

Let  BR  he  a  Tiorizohtal  plane,  on  which  the  high  ob- 
jeft  AB  flands  perpendicular;  and  let  BPb^  the  diflance 
of  the  obfervator— 96  feet  5  and  let  the  height  of  the  ob- 
ferver's  eyel)e  c  feet. 

Set  the  fquare  perpendicular  to  the  horizon,  fb  that 
the  eye  being  at  D,  and  looking  through  the  fights^  fees 
A  the  top  of  the  high  objeft ;  atid  tTie  plummet  hanging 
freely,  fnppofe  the  thread  cuts  off  80  equal  parts  from 
the  fide,  viz.  i)N.  Then  the  triangles  LDN,  ADC 
being  fimilar,  as  ND:DL::DC:CA:5  that  is,  as 
80: 100: :  96:  j2o=rCA. 

'But,  if  the  plura-line  fall  on  tlie  angle  oppofite  to  the 
center,  as  at  the  flation  E  j  tTien  becaufe  LD  is  equal  to 
DP,  DC  is  equal  to  CA ;  for  the  triangles  LDP,  DC  A 
are  fimilar ;  therefore^  CA  will  be  known  by  meafuring 
DC. 

If  the  ^fiance  of  the  obfervator  BF  be  greater  thaa 

the  altitude,  fuch  as  300  feet,  then  the  plum-line  will 

^ut  the  fide  of  the  fquare  in   N:  Suppofe  NE=4o 

*^qual  paitSi  the  triangles  LNE,  DCA,    are  fimilar; 

for  the  angles  LEN^  DCA,  arc  right,  and  the  angle 

LNE 


£NEls  tqvtsA  to  the  angld  DAC,  and  conieqneotly  the 
angle  £LN  is  equal  to  the  angle  ADC ;  therefore,  as^ 
l.£:£N:  :DC:CA ;  that  b,  as  100:40.: :  joo:  lao  ;  to. 
which  add  5  feet|  the  height  of  the  obfervator^s  eye>  and" 
AB=i25  feet.. 

To  meafure  a  dijtance  AF,  acceJJthU  at  one  extremity^  tj. 
tie  Geometricat  Square,     Fig.  7,  plate  5, 

Place  the  iqaare  horizontally  on  a  fopport  at'  A;  fo^ 
diat  through  the  fights  on  the  fide  of  the  fquare  yoa  iee> 
the  point  F;  turn  the  index,  until  it  coincides  with  the 
Other  iide  of  the  iquare^and.  in  the  direction  of  that  fide 
place  a.  pole  at  B|  any  convenient  diftanee  from  A. 
Leave  a -pole  at  A,  and  meafure  AB.  Then  place  the- 
fquare  horizontally  at  B,  fa  that  through  the  fixed  fights 
you  fee  the  pokrat  A  v  and  turn  the  index  tmtil  through 
the  fights  on  it  you  fee  the  point  F.  Suppofe  the  index 
cuts  the  right  fide  of  the  fqUare  m  G,  then,  the  triangles 
BDG,  BAF  are  fimilar^and,  as  BO:DG::BA:AF.    : 

But,  if  a  large  diftancej  as  AH,  is  to  be  meafiired,  the 
fquare  being  placed  at  B,  the  index  will  cut  the  reclined 
fide  of  the  fquare,  ikppoieatcLv< then, the  triangles  BiL^ 
BAH,  are.fimilari  for  the  angles  at  A  and  I  are  right} 
the  angle  BLI  is  equal  to  the  angle  ABU,,  and  the.angle 
IBL.  ta.  the  angle  AHBv^herefore,  as  LI:iB:  :BA:  AH, 

If  the  fquare  be  well,  made,  and  properly  appiied^ 
moft  proUems  may  be  folvedby  it;  but,  becaufe  it  re-* 
quires  the  fame  trouble  and  expence  to  ^  the  fquare 
on  a  fupportj  and  to  fet  it  level  or  perpendicular,  to  the 
horizon  as  any  circular  inftrumeat,  wlthoiu^any  pcculiai; 
advantage^  it  is  now  almoft  out  of-ufe. 

Frob* 
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Pr6».  t\     Ta  meefure  tie  £Jhtncer  of  any  nnnAer  of 
inacceffihledfjeEfs  fiatti^  each  o^t^  by  meisms  of  inoaftu^ru^ 
from 'osience  the  ahj efts  can  be  fern. 

The  method  of  performing  this  is  Jnt  ali  refpefts  the 
lame  a$  in  problem  "th,  p.  92  ;  for,  it  is  only  -taking  ar 
greater  number  of  angles  at  each  ftation,  and  fclving  a^ 
greater  number  of  triangles. 

Exam.'   Suppofe  A,  B,  C,   I^igS  52.  are  three  inac-^ 
ceffible  objeftsj.wJiofe  diftances  from  cachi  other  are  ie^ 
quired,  and  E  and'  D  two  ftatkmsy  whofe  diftance.  ir  • 
known,  and  from  whence  the  objefts  A,  B„  and  C  caisr 
be  feen;  The  angles  being, meafiired,  foppofe  them: to  bcji-, 
AitbefationD.  At.iiejlation^^* 

.ABBr=:29°  15'  CEBzr   40^ '30^ 

BDC=    39?  30^  BEA;=:;   25°  30' 

CDE=:    51^45'-  -     A>ED=  46°  45' 

ADE=:  120?  3.0'  CED=;"i  20^.45' 

And  thediftance  ol  the  ftatlons  I>E=:74o  links;  re- 
quired AB,^  BC,  and  AC  ?  Anf  AB=:I243,  £€=1702, 
aiid  AC:r2^!22. 

Pros,.  9.     To  meafufe  the  Ufance  of  any  inacceJfthU 
Vigh  objtBfroM^  a  givin  jtation^  and  iU  altitude  above  the. 
Level  of  thatftation* 

Find  out  the  difVance  by  problem  6th  ;.  then  mcafure. 
the  angle,  of  afcent:  atthcgivtn  ftation,  and,  by  means  of 
this,  and  the  diftancc  before: ttjui id,  calculate  the  height* 

Exam.  •  Let  bt.Fig.  53.  be  any  high  objefl,  and  A 
the  given  ftation  trom  whence  it  can  be  lecn  y  chulc  ano-^ 
ther.  Itation  C  i  then  meaJure  the* angle  b AC  =  75  ,  12',, 
and  the  angle  ACBc:64^  29'^  and  kc  the  diftance  of  the 

ftations 
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"dilations.  AC=s425  liaks.   -At  A  meafare the  angle  of  af- 
"  cent  EAB=i  i*'   i  j?' ;  -required  the  diftairpe  AB,    and 
height  BE?    -^.43=592.7,  and:BE;=ii«.6. 

Prob.  10.     The  dytane^  of  three  ohjeBs  A,  B,  C,  in 
the  fame  f  lane  being  given^andihe  angles  ohferved.at  a 
fourth  place  as  at  theflation  S  \  to  find  the  diflances  of  theft 
^hree  ohjeEls  from  that  Ration*  Plate  5*  Fig^  8,  9,  &c. 

Case  i.    if  the  ftation  S  be  taken  without  the  tri- 

^  angle  ABC  in  one  of  its  fides  produced.  Fig*  t.  pUte  5* 

Find  the  angle  ACB  by  the  4th  Cafe  of  obhque  tri-* 

V  angles,   and  then  the  angle  ACS  will  be  known  :  Now^ 

in  the  triangle  AS C,  the  angles  ACS,  CSA,  and  confe- 

-qufently  the  angle  GAS,  with  the  fide  AC  being  givePf 

the  fides  SA,  SC,  and  confequently  SB,  may  be  found 

^>by  Cafe  I  ft  of  oblique  triangles. 

Case  2.    If  the  ftation  S  be  in  one  fide  of  the  tri- 
-  angle  ABC,  as  in  AC.    Fig*g* 

Find  the  angle  ACB  as  before;  and,  In  the  triangle 
SBC,  the  angles  BCS,  CSB,  and  the  fide  BC  being 
known,  SB,  SC,  and  confequently  SA,  may  be  found. 
To  find  the  point  S,  .make  the  angle.  CAI> -equal  to  the 
'•  obferved  angle  CSB,-and  through  B  draw  BS  .parallel  to 
AD. 

Ca^e  3.     If  the  three  objefts  liein  a  right  line,  as 
Af  C,  B. '  Fig.  10, 

I.  Suppofe  a  circle  defcribed  through  A,  B,  and  the 

'"ilation  S.     From  S  draw  the  right  line  SC>  which  will 

•mcct'thecirde  in  the  point  D  5  jora  BD,  DA,  AS,  and 

'SB.    Then,  in  the  triangle  ABD,  all  the  angles  and  the 

^^Ii4e  AE  ««<ju)owa  s  for  the  angle 'ABO  is  equal  to  the 

N  obferved 
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obfervcd  angle  ASC,  becaufe  they  ftand  on  the  fame  arc 
AD  ;  and  the  angle  BAD  is  equal  to  the  angle  CSB  for 
*  the  fame  realbn :  Hence  the  fide  AD  may  be  found. 

2.  Now,  in  the  tmngle^ ACD,  thefidesCA,  AD,  and 
'  the  contained  angle  CAD,  are  known  ;  to  find  the  angle 

ACD,  the  fupplement  whereof  is  the  angle  SC A;  and 
'■  then  in  the  two  tritingks'ASC,  BSC,  all  the  angles,  arid 

a  fide  in  each,  triangle  are^knowp,  from  which  SA,  bC> 
.  and  SB,  may  be  found. 

Case  4.  ■  If  the  ftation  S'  be  without  the  triangle 
ABC,  but  not  in  any  of  its  fides  J)roduccd ;  defcribea 
circle  through  the  points  A,  B,  S,  as  before.  Fig.  11. 

1.  Since  the  angle  ASC  is  equal  to  the  angle.  ABD, 
and  BSC  equal  to  BAD  ;  in  the  triangle  ABD  all  the 
angles  and  the  fide  AB  being  known,  AD  may  be  found. 

2.  All  the  fides  of  the  triangle  ABC  being  known, 
hy  thcfe-find  the  angle  CAB.;  hence  the  angle  CAD  will 
be  known. 

3.  In  the  triangle  ACD,  the  fides  CA,  AD,  and  the 
contained  angle  CAD  are  given;  by  which  find  the 
angles  ACD,  ADQ,  and  then  the  angle  j\CS  will  be 

.known. 

4-  In  the  triangle  ACS,  all  the  angles,  and  the  fide 
r.  AC  are  given,  to  find  the  fides  SA  and  SC.      ' 

Si  In  the  triangle  ABS,  all  the  angles,  and  the  fide 
AB  arc  given,  10  find  SB. 

Case  .5.    If  the  ftationS^e  within  the  triangle  ABC. 
\Flg.  12.         ' 

I.  A  circle  being  defcribed  through  A,  S,  B,  as  be- 
^:fore,  the  fupplement  of  the  angle.  CSB  is  equal  to  the 


MENSURATION.  '   9^  > 

angle  BSD  y  that  is,  BAD ;  and  the  fopplement  of  thf  . 
aagle  ASC  is  equal  to  the  angle  ASD^or  ABD;  hence  ; 
the  angle  ADB  will  be  known.  . 

2.  In  the  triangle  ABD,  all  the  angles*  and  the  fide 
AB  are  known  ;  from  :which  the  fide  ADmajr  be  found.  . 

3.  In  -the*  triangle  ABCj  calculate  .the  two  anglea  ^ 
BAC^  ACB^  from  the  tbiree  giy^a  fides,  and  the  angle  j 
CAD  win  be  kaown.  , 

4.  In  the  triangle  ACD,  th6  fides  CA,  AD,  with  the  -^ 
(contained  angle  CAD^  are  given ;  and  by  thcfe  the  ^ngle  : 
ACS  may  be  founds  which  being  fubtrafted  from  the  ^ 
angle  ACfi,  ^  there  will  remain  the  angle  SCB.  >. 

5.  In  the  triangle  ACS,  all  the  angles, .  and  the  fide - 
AC  being  known,  the  fides.  AS  and  SC  may  be  found ;  , 
and,  in  the  triangle  CSB,  the  fide  CS  and  the  angles  » 
being  known,  SB  may  be  found. :. 

Case  6.  ^  If'  the-  fta'tion  S  be  fo  fitiiated  with'  fefpeft  ': 
to  the  objefts  A,  B,  C,  that  the*  peint  D  in  the  circumfe- 
rence of  the  circle  is  not  in  a  right  Hnc  with  S  and  C,  as  ^ 
in-  the  three  laft  cafes  ;  ftppofe  a  circle  defcribed  through  ; 
the  ftation  S,  and  two  of  the  given  objeAs  as  B  and  C;  ;. 
then  make  the  angle  CBD'^qual  to  the  obferved  angle  ;: 
CS  A,' and' make  the  angk  BCD  equal  to  the  fupplcment  ': 
of  the  .angle.  ASB.j.  draw  ADSand  SC.  Ftg^  i^^ . 

I .  Since  thcf  angle  BDG  is  equal  to  the  obferved  angle  : 
BSC ;  in  the  triangle  BCD,  all  thepnglcs,>4ind  the  fide  .: 
.  BC,  are  known;  by  which  the  fide  BD  may  be  found. 

2..  Calculate  the  angle,  ABC,;,  andfubtraft  i3t  fron>  the 
angle  CBD,  the  remainder  is  the  angle  ABD ;  and  id  the  j 
♦riangle  ABD  the  two  fides  AB,  BD,  and  the  angle..: 

N.a  -  ABD.I 
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ABD  being  known-,  the  angfes BAD,  ADB,  niay  be-' 
found  :^  Hence  the  angle  SDB,  which  is  equal  to  the 
angle  SCB,  will  be  knownv 

3.  lo  the  triangle  ABS,-  the  angles  and  the  fid^  AB  ^ 
telng  knfdWh,  the  fides  AS  and  SB  may  be  found. 

4.  In  the  triangle  SGB,  the  angles,  with  the  fide  BC,  . 
ar^  known  i  from  which  the  fide  SC  ma-jr  be  found. 
Q^E.L 

Prob.  II.     Let  B  and  C  te  two  obje^s  whofe  diflance 
BC  //  known  ;  and  iet  A  and  E  be  Mu9  Jlaiiom  from 
luhence  thefe  ohjeEls  can  be  feen,  and  the  angles  BAG,  , 
B  AE,  AEB,  and  AEC  meafured  5  it  is  required  to  find  the 
dijiances  AB,  AC,  AE,  and  EC?  Plate  5.  Figr  14. 

Since  in  each  of  the  triangles  ABE  and  ACE  two 
angles  are  known  by  obfcrvatiouy  the  third  angle  ia  each 
triangle  will  be  known. 

Take  a  right  line  GH  at  pleafurc,  Fig.  15.  and  there* 
on  conftitute  the  triangles  GHD,  GHF,  equiangular  to 
the  triangles  EAB,  EAC-,  join  DR.  Then  take  BC  of 
the  given  length,  and  upon  it  conftitutc  the  triangles- 
BCA,  BCE,  equiangular  to  the  triangles  DFH,  DFG  ; 
and  the  figure  A  BCE  is  fimilarto  the  figure  HDFG. 

Calculate  HD,  HF,  and  FD,  as  in  Froblera  7th,  and 
then,  as  DF  is  to  BC,  ib  is  DH  to  BA  ;  and  fo  is  HF  to 
AC,  and  HG  to  AE ;  .^uJ,  in  the  triangle  ACE,  there  is 
fufficient  data  to  find  CE. 
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« 

MISCELLANEOUS    PROBLEMS. 

•  •  -  • 

Ti  Suppoje  a  man  Jtands  on  the  Terraquenus  Gloii,  /if 

bright  of  his  ey€hing6fe€t^  arid  bis  fenfible  horizon 

.    free  of  all  okftfy^ions^  to  theji^  i  it  is  required  ta 

find  the^Ktenti  of  his.  viem  in  every  dirtSion  ?  Figk  54* 

•  •  *  -  •  •    r  • 

Let  CA  be  the  femidiameter  of  the  earrb=z2i  014960 
feet,  and  CB  reprefent  the  fame,  increafed  by  the  given 
hdght  of  the  eye;  and  confequentlyt:^  1024966 :  Let's A^ 
be  the  vifual  ray  meet'mg  the  curve  forface  of  the  earth 
in  A.  Now,  fuppofiog  the  earth  to  be  a  perfeA'globe> 
the  triangle  ABC  13  right  angled  at  A,  and  the  curve  linc- 
EA  will  be  nearly  cqtrkl  to  AB,  the  tangent.  •' 

The  fquarc  of  AB  is  equal  to  the  diffcreace  pf  the 
fquares  of  BC  and  CA. 

The  fquare  of  CB  =4420491^5^01 156 
The  fquare  of  CA  =442048943001600 

The  difference  is  AB*=:  252299556  the  fqdarer 
root  of  which  is  15883  feet=  3  miles  43  feet;  the  ex«» 
tent  of  a  man's  view  on  a  pljain  horizon  ^  the  height  of 
his  eye  being  6  feet.  Hence  it  15  evident,,  that  a  man 
\rhofe  eye  is  6  feet  high,  (landing  on  a  plain,  foch  as  a 
frozen  lea,  can  fee  another  man  of  the  iame  height^  at 
the  diAanco  of  6  miles  -86  feet. 

By  a  like  calculation',  if  the  height  of  the  eye  be  12 

ffeet,  the  extent  of  the  view  will  be  4  miles  447  yards  ^ 

and  fuch  a  ipeftiUo.r  would   fee  an  objeft  of  the  fame 

height- at  the  diiUiace  cf  'o^  ttiW, 

If 


\ 
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I 

If  the  height  of  the  eye  be  24  feet,  the  extent  of  the 
Tiew  will  be  6  miles  29  yards ;  and  fuch  a-fpedator 
would  fee  another  objefb  of  the^  fame  height  at  the  dff^ 
tance  of  12  miles  ^^yzr-dk 

If  the  height  of  the  eye  be  48  feet,.a»^n  the  mail  of 
a  (hip  at  fea,  the  extent  of  the  view  would  be  8  miles 
S95  yards ;  and  a  ipefVator  in  this  ppf^tion  would  lee  an  . 
obje£l  of  the  fame  height  with. his  eye,  at  the  diftaoce  of : 
17  miles  3oyar48« 

2*  To  mcafiire  thi  diftance  of  any  otjecf  iyan  expbfion^:,^ 
fuch  m  the  firing  of  a  cannau*     -- 

« 

It  has  been  found  by  many^xperiments}  that  the  mo- - 
tion  of  found  is  about  1 142  feet  tnooefecond  of  time  y  \ 
and  hence  large  diftances  may  be.meafuixd  pretty  exaft- 
ly,  thus :  I^et  there  be  two  men,  one  placed  at  each  ex^.. 
tremity  of  the.  diftance  .to  be  mcafured, '  and  let  one  of  . 
thcni  fire  off  a  great  gun,  and  the  moment  that  the  other  . 
fees  the  flaihi  let.  him  look  on  a  watch  which  '(hows  the  . 
feconds^ until  he  hears  thereport.\  Then  multiply  114a  . 
by  the  namber  of./cconds,  andtheproduftisthe  diftance  l 
in  feet.: 

If  a  watch  be  not  at  h^nd, ' (eta  pendulum  of  jpf-- 
inches  long  a-going,  and  count  the  Vibrations,  or  number  . 
of  times  it  crolfes  the  perpendicular,  and  this  will  (how- 
the  number  oi-feconds;  . 

By  this  method,  we  can  meafure  the  diftance  of  thun-^. 
der  from  ,  the  place  where  we  are,  by  counting  the  fc-  ^ 
cands  between. the  time  of  feeing  the  lightning  jind  hear-: > 
ing.the  report*;. 
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3.  To  ntffure  ihe  velocity  of  running  waters. 

Put  a  piece  of  cork,  or  other  light  matter,  into  the 
"Water,  and  place  a  mark  In  the  bank  where  the  cork  was 
put  in.  Then  follow  the  cork  as  h  goes  down  the 
•flrcam  for  00c  minute,  or  any  other  fpace  of  time;  and 
place  another  mark  in  the  bank  at  the  place  where  the 
cork  i$4it  the  end  of  the  time*  Meafure  the  djftance  be- 
tween  the  marks,  and  then,  as* the  time  the  cork  was  in 
the  water  'is  to  one  hour,  fo  is  the  fpacc  between  the 
marks  to  the  vclodty  af  the  water  in  an  hour. 

.4.  2p  meafure  the  velocity  of  the  ivinil- 

When  the  fun  (hine^,  obierve  when  the  (hadow  of  a 
cloud  4S  at  fome  particular  place  .on  the  ground,  and 
then  count  the  feconds  as  it  goes  along. until  it  come  to 
fome  other  place  which  you  can  remember*  Meafure 
the  diftance  between  the  two  places,  and  then  fay,  as  the 
number  of  feconds  is  to  one  hour,  fo  is  the  diftance  mea- 
"fufed  to  the  velocity  of  the  wind  in  one  hour. 

N.-B.  The  greateft  velocity  «f  the  wind  is  near  60 
miles /^r  hour. 

O.F    LEVELLING. 

» 

Thoie  who  underftand  the  menfuration  of  heights  and 

'diftances,  will  not  6nd  much  difficulty  in  levelling,  as  it 

-confiftsin  finding  the  height  or  depreffion  of  any. part  of 

the  earth's  iurface  above  or  below  any  other  part.     I 

•fliall,  therefore,  only  explain  ^fbrne  things  whereon  the 

..praftice  depends,  -and  conclude  with  an  example. 

The  earth  is  a  round  l)ody,  and,  in  the  buGnefs  of  le- 
^  veiling,  may  be  confide  red  as  a  perfeft  globe. 

All  heavy  bodies,  fuch  as  earth,  water,  and  air,  gravi- 
tate cowaiHis  the  center  of  theeartii, 

-A  level 
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I 

A  level  is  either  tme  or  apparent.  > 

A  vae  iev^J  is  any  part  of  the  earth's  furface,  every 
^j)oint  of  which  is  equally  diftant'frpm  the  center,  fuch  as 
a  body  of  fmooth  water.  Any  line  drawii  in  fuch  a  fur- 
face,  is  called  Z:true  level  line  ^  and  isthcrefore  an  arc  oF 
Ji  great  circle,  defcribed  on  the  terraqueous  globe.  > 

An  apparent  level,  is  properly  the  fenfibie  horizon,  or 
.a  plane  touching  the  earth's  furface  in  one  point,  viz.  ia 
'Jthe  place  where  the  fpeftator  ftands.  Any  right  line 
drawn  in  this  plane,  js  the  line  of  apparent  level,  andia 
a  tangent  to  the  curv^,  which  is  a  line  of  true  level  pat 
iing  through  that  place.  Hence,  the  lines  of  true  an3 
apparent  level  coincide  only  in  one  point ;  and  in  every 
other  point  will  be  diftant  from  one  another,  more  or 
:lefs,  according  to  their  extent.  But,  as  the  earth  is  a 
great  globe,  the  lines  of  true  and  apparent  .level  ^vill  lie 
very  near  each  other  in  fmall  diftances. 

Prob.  To  Jind  the  Jifiance  between  the  apparent  and 
4rue  level  at  the^ijlame  of  one  tiiile  fr^tn  the  point  of  con^ 
>ia8.     Fig.  54. 

In  the  right  angled  plain  triangle  ABC,  there  .is  givisn 
:the  fide  C  A,  the  femi^lameter  of  the  earth  =3982  miles,- 
and  the  fide  AB=:i  mile  5  to  find  the  hypothenufeCB. 

The  fquare  of  CA  =                                  iS^S^324 
^The  fquare  of  AB  =  t 

Sum  of  the  fquares  of  CA  and  AB  =   1585^3^5 

The  fquare  root  of  which  is  3982.0C012  J5  =  CB. 

Therefore,  the  apparent  level  at  the  diftanee  of  one 
mile  from  the  obferver's  ftation,  is  higher  than  the  true 
?^!cvei  by  .000 1255  of  ^  milC;  or  very  near  8  inches. 
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ATablBi  {homing  th^  nnmber  of  Feet^  Inches,  and 
Decimals  of  an  Inch,  which  are  to  be  fabcra£led  froia 
the  apparent,  to  find  the  true  level  for.  the  feveral 
diftances  therein  mendofied* 
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To  find  what  muft  be  fubtrafted'for  any  diftance  not 
found  in  the  table.  Multiply  6629832  by  the  fquare 
of  the  dlAance  in  miles.  The  produ6):  is  the  number  of 
feet,  and  decimals  of  a  foot,  to  bolubcrafted  tsom  the 
appaijeat  level  to  find  the  true. . 

Note^  ,662'giB22  feet  is  the  quantity  ^^ to  be  fnbtrafted 
from  the^apparent/level,  at  the  diftance  of  one  miie 

The  inftfument  commonly  made  ute  of  in  levelling,  is 
a  little  jglais  tube  filled  with  fpirttsof  wine,  all  to  a  very 
little  fpace,  whicb' contains  a.fmall  quantity  ofain;  and, 
when  the  tube-is  perfeftly  level,  the  bubble  of  air  refts 
10  the  middle  of  it.  To  this  level  are  titted  fights  of 
l&me  kind'or  other.  A  little  teiefcope,  with  crols  hairs 
ifi'its  focnsi  1$,  bed; 

In  levelling,,  two  poles  of  ten- or  twelve  feet  length, 
dMded  ioto  inches,  and  tenths  of  an  mch,  ^ith  pieces  of 

O  paper 
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paper  or  pafteboard  fitted  to  them,  to  Aide  up  or  dowa^ 
are  neceflary.  On  the  pafteboard  (hould  be  draMm  a 
horizontal  black  line,  which  may  be  feea  through  the 
fights  of  the  level >ing  inftrument),  in  ordec  to  adjuft  the 
height  or  depreffion  exaftiy. 

Exam.  Let  A6CED,  Fig.  55.  reprefent  an  uneven" 
ground ;  it  is  required  ta  find  how  much,  the  point  D  is^ 
higher  than  A  ^ 

Chufe  a  ftation  B. between.  C  and' A,  andthere  place* 
your  levelling  inftrument.     Place  poles  in  A  and  C,  and' 
d5refting  the  fights  to  the  pole  in  A,  move  the  pafte- 
board up  or  down,  until  the  horizontal  black  line  appear 
in  the  level.     Then  direft  the  fights  to-  the.  pole  in  C, 
md\iDg  the  pafteboard  as  before,,  until  the  horizontal 
black  line  appear   through   the  fights.     Meafure  tber 
heights  of  the  horizontal  black  lines  on  the  pafieboards^ 
above  the  ground,  and  their  difference  i5  the  height  of  C 
above  A.     In  the  fame  manner,  take  fome  ftation  £  be- 
tween. C  and'D,  and  find  the  height  of  D  above  C ;.  the 
film  of  thefe  two  is  the  height  o£  D  above  A,     Proceed* 
in  the  fame  manner  when  more  ftations  are  neceflary^ 
remembering  to  reduce  the  apparent  to  the  true  fevclt.  . 
when  the  diftance  is  above  400  yards. 

N.  B.  The  feveral  ftations  may  be  chofen  according^ 
to  convemency*  It  is  not' neceffary  that  they  be  all  m* 
ths  fame  right  line.  ^ 
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SECT.      IV. 

MENSURATION   OF   SURFACES. 

I  t 

AS  every  length  or  diftance  is  meafurcd  by  a  line 
of  fome  determinate  lengtli,  exprefled  In  inches^ 
feet,  yards,  or  decimal  parts  of  itfelf,  as  the  fiirveying 
chain  :  So  every  fuperficies,  or  magnitude  of  two  dimeh- 
H^nSy  is  eftimated  by  fbme  Icpowa  iqaare,  as  a  Iqaare 
inch,  foot,  yard,  chain,  or  mile. 

If  we  grant  the  common  poftnlate,  that  magnitudes 
may  be  generated  Toy  motion,  viz.  a  line  by  the  motion 
of  a  point,  and  a  furface  by  the  motion  of  a  line,  we  (haM 
eafily  diicover  (^oie  properties  of  right  lined  figuresi  on 
^hich  the  menfuration  of  furfaces  depend. 

Let  AB,  Fig,  56.  be  a  right  line  of  5,  and  AD  of  3 
-equal  parts,  fiidh  as  feet,  inches,  or  any  other  meafnrej 
containing  the  Tight  angle  BAD ;  and  let  AD  be  fup^ 
pofed  to  move'along  the  line  AB  until  it  ctvmes  to  the 
fcveral  pofitiohs  EF,  GH,  KL,  MN,  and  BC,  and  by 
this  motioh  generate  the  right  angled  parallelograms  AF, 
EH,  GL,  KN,  and  MC.  It  is  evident  at  fight,  that 
each  of  thefe' parallelograms  contains  three  equal  fquares,  * 
that  is,  as  many  as  AD  contains  equal  parts ;  and  that 
the  number  of  parallelograms  is  equal  -to  tbe  number  of 
ciqual  parts  in  AB.  Therefore,  the  whole  reAangte 
ABCD  contalfis  3  times  ;,  or  x  5  equal  fquares,  whofe 
common  fide  is  one  of  tbe  equal  parts  in  AB  or  AD. 
Or  the  rcftanglc  contains  a  number  of  fquares  equal  to 
the  produft  ^  the  length  multiplied  by  tb«  breadth* 

O  a  Hcnce^ 
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Hence,  the  reafon  of  the  common  role  for  finding  the 
area  of  a  reftangle  is  abundantly  evident. 

And,  becaufe  cffefts  are  always  proportional  to  their 
caufes ;  it  may  be  inferred,' that  paraUelograms^gene^ted 
by  equal  right  lines  are  equal,  in  whalevei  pofition  the 
generating  r^ght  lines  proceed,  proidded*  that  thefe  lines 
move  equal  dlflances  from  their  firft  pofition. 

Fig  57.  Lcit  the  right  line  BC  generate  the  paralle* 
lograms  ABCP,  EBCF,  by  moving  from  its  firft  pofi- 
tion BC/ until  it  red  in  AD  or  £F ;  thefe  parallelograms 
mufl:  be  equal,  as  being  produced  by  the  fame  caufe,  act- 
ing in  the  fame  circumftances. 

Hence,  the  rule  for  finding  the  area  of  any  parallelo* 
,^am,  is,        .  .  . 

1.  Multiply  t}ie  b&ie  by  the  perpendicular  height ;  the 
produ(5l  is  the  area  in  fquares  of  the  fame  name  with  the 

>  dimenfion^  tak^n. 

Draw  the  diagonal  DB,  JV^r.  ^5^.  .-and  the  trianglf 
DAB  is  equal  to  the  triangle  DCB  ^  for,  the  parallelo- 
gram being  cut  in  two  by  the  line  Dfi,  the  two  triangles 
properly  applied  will  coincide.  .^Hence,  every  triangle  is 
half  of  its  circumfcribmg  parallelagram,}  and  the  rule  far 
finding  the  area  of  any  triangle  is,  Midtiply  the  bafe  by 
» the  perpendicular  height,  and  half  the  :f  roduA  is  the 
area.  .Or, 

2.  Multiply  the^fe  by  half  the  perpendicular,  or  the 
perpendicular  by  half  the  bafe ;  the  product  i&  the  area. 

The  menfuration  of  all  pkln  forfaces  depends  pn  tbeie 
-few  principles.  For  every  ftlrfwe  bounded  by  right 
dines,  is  either  a  parallelogram  or  a  triangle,  or  a 
^£gupe  which  can  be  reduced  to  triangles,  by  drawing 

lines 


tJF  stmr ACta 
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•^m  :viihia  11: ;  jutd  therefore;'  the  olle$  fer  &kfiig  the 
-area  xlf.fhe  pactlWogram'and  the  trtftjBgk,  voU  ferve£o# 
finding  the  area  of  any  right  lined  figure  whatever. 

And  the  areas  of  figures,  whcrfe  boundaries  are  curve 
lines,  fach  as  the  drcle,  are  computed  upon  the  fame 
-principles.  The  particular  ^^rules  given  for  computing 
them,  are  derived  from  the  fu^pofitlon,  that  they  confift 
of  a  great  number  bf  very  fmali  refttlineal  figuresj  which, 
taken  alLtngethor.,  approach  infiaitdy  near  td  the  true 
area  $  and  therefore  tl^  menfuration  oF  all  plain  furfaces 
dtepenSon,  and  ari&'from,  the  rttlerfiiatr  meaforing  the 
j^aVallelogram  and  triangle. 

Plain  furfaces,  which  men  have  ocoafiod  to  neafiire^ 
are  thoie  of  timber  and  Hone ;  as  in  buying  and  felling 
of  wood  and  marbk,  or  oom]Kiting  fh«  exilent  j  of  artifi- 
cers work  ;  fuch^aa  iSlafons,  bricklayers,  cai^ntcrs,  and 
painters  work ;  prfome  part  of  tht  earttfs  fttrfilces,  as 
in  buying,  (ellingi  and  letting  of  land- " 

In  timber,  ftone^  a^d  artificers  work,  the  medures  are 
commonly  taken  in  f;et,  inches*  and  parts  of  an  inch,' by 

-  »      -  « 

a  foot-rule,  yard,  or  tape  rolled  up  iii  a  box.  In  fur- 
veying  of  land,  th^  meafures  are  taken  in4idk8,  of  the 
furvcying  chain,  Steady  dcfchbed.    . 

I.    Tai^le  df  Englifh  Lineal  meafurea. 


1L2  Lines 
12  Inches 

3  Pcet 

2  Yards,  or  6  feet 

54-  Yards,  or  164.  feet . 

4  Poles,  or  66  feet 
id  Cbaists,  or  40  poles 

8  Furlongs,  or  80  chains, 

3  Miles 


>  oiakc'^ 


I  Inch 

I  Foot 

1  Yard       ' 

I  Fathom 

I  Pole,  or  perch 

I  Chain 

I  Furlong         « 

I  Wile 

I  League. 

A-tottt* 


no  MENSURATION 

A  common  pace  is  li  feet.  A'geometrical  pace  is  j 
feet.     5280  feet,  or  17^0  yards^  is  one  Englifli  mile. 

2.    Table  of  Scots  Lineal  Meafures. 

37  Englifti  inches  ^  f^  ^^^ 

6  Ells,  or  184.  feet  |  |  i*  Fall,  or  rood 

4  Falls,  or  74  feet  I  make  ^  r  Chain 

10  Chains^  or  40  falls        ]  |  1  Furlong 

8  Furlongs,  or  80  chains  J  (^i  Scots  mile 

Nete.    6  ells  is  a  rood  in  maibn-work* 

\ 
«,  .••..^ 

If  the  Scots  furveyiiig  chain  be  744*  Etiglilb  feet,  as  it 
ought  to  be,  the  Scots  mile  Avill  be  5952  feet,  or  longer 
than  the  Engliih  mile  by  672  feet. 

3.    TABi^tt,  of  EngltOi  Square  Meafures*     . 

144  Square  lines     'y  Ci  />Square  inch 

144  Sqpare  inches  >  make<  i  Square  foot 

9  Square  feet      ^     .     (^i  Square  yard 

In  Scotland^  36  fquare  ells  is  one  rood  of  mafon-work. 

A.    English  Land  Meafures. 

9    Square  feet    '\         Ci  Square  yard 
30^  Square  yards  CrnaVo^^  Square  pole,  or  perch 
40    Square  poles  C  J  i  Square  rood 

4    Square  roods  J         V.  i  Square  acre. 

'    5.    Scots  Land  Meafures. 

9.5  Square  feet    "^         ri  Square  ell 

36  Square  ells     Vm  k  b*  '5^^*'"^  ^^ 
40  Square  falls    C  yi  Square  rood 

4  Square  roods  J         (i  Square  acre 

Note.    The  feet  mentioned  in  this  Table  are  En^Ufli 

Ccet. 

In 
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.  In  eompudag  the  areas  of  plain  forfaces,  the  moft  ge- 
neral  and  beft  method,  is,  to  reduce  the  fradional  parts 
to  decimals  j  and,  by  working  properly,  the  area  will  be 
found  in  fquares  and  decimal  ^arts,  of  the  faAe  name 
with  the  dimenfions*  But  feveral  artificers  chuie  rather 
to  take  the  dimenfions  in  feet,  inches,  and  1 2tb  parts  oF 
an  inch,  or  lines  ^  and,  by  multiplying  thefe,  get  the 
area  in  fquare  feet,  and  12th  parts  of  a  fquare  foot>, 
(which  are  improperly  called  inches)^  and  the  lower  de- 
nominations are  12th  parts,  each  of  the  next  above  ift. 
This  operation  is  commonly  called  Crols  Multiplicationy. 
and  depends  on  the  following  rules: 

!•  Feet  multiplied  by  feet  produce  fquare  feet* 

2.  Feet  multiplied  by  inches,  and  the  produA  diidded 
by  12,  give  fquare  feet;  and  the  remainder  b  izth  parts 
of  a  fquare  foot,  here  called  inches* 

3.  Feet  multiplied  by  lines,^  and  the  produA  divided' 
by  144,  give  fquare  feet ;»  the  remainder  divided  by  12, 
gives  1 2ths  of  a  fquare  foot ;  and  the  iecond  remainder 
I2ths  of  the  former,  here  caUed  lines. 

X     4.  Inches  multiplied  by  inches,  and  the  produA  di- 

*  ■ 

Tided  by  12,  give  I2ths  of  a  iquare  foot  ^  the  remainder 
is  lines. 

5.  Inches  multiplied  by  lines,  and  the  produ3  divided' 
by  144,  give  I2ths  of  a.  fquare  foot;  the  remainder  di-- 
Tided  by  I2>  gives  lines,  and  the  fecond  remainder,  I2ths- 
©f  thefe. 

6.  Lines  multiplied  by  lines,  aind  the  product  divided- 
1>7  I  ^3  g'l^^  i2ths  of  a^line ;.  the  remainder  is  laths  of  the. 
former; 


9*1 

ap 

» 

3<S 

I 

9 

7. 
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Eiri^M..  Sfold]ri|i  29;  feet:  m  incbca  by*^  i3<feetn>^ 

F.     I, 

29.    iL  13X11  =  143*  ioXii  =  iro 

k)433 
3<5  I- 

3!rod.4J3     10    a 

!•  Multiply  29  by* r J,  the  prodii6VU  fquarefecn^ 

2.  Multiply  13  by  11,  and  29  by  10,  and  divide  tHocr- 
fiim  of  the  produfts  433.  by  12,  the  quodtnt  is  36fquarc: 
feet,  and -rV  of  a  Square  foot. 

3.  Mtrkiply  11  by  10,  and  divide  theprodtift  by  12,. 
the  quotient  is  9  inches  2  linea.    The  feveral  articles 
being  properly  placed  and  added^  the  whole  prddiift  isi 
413  fquare  feet*  4-^  of  a  fquare  foot,  and- tie  of  A  of  a 
fquare  foot)  which j. in  the  tradeimens  language,  15413 
jquarfs  feet^  10  inchesi  2  lines. 

Ex  A  M  •  2* ,  Multiply  2  7  f©et>^,  9  inches,^4,  Jincs,  by  xp., 
£eet|  8  inches,  11  lines*. 


f: 

J.    L, 

27. 

9^   4' 

19X  9  =  i7F 

19 

S    1! 

27X    8S£2I6 

»43. 

- «              « 

1.2)387 

27 

^ 

3* 

3 

3' 

2 

.7.   r 

^               , 

6    0 

19X   4=   7^ 

% 

10  ir 

27X11=297 

3     8^ 

•^ 

373 

frod.'  548 

J    0    a    ». 

•/  #'•/ 

3J 
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The  method  of  o,p^r9« 
tion  io  this  is  nearly  the 
fame  as  in  the  laft  exam-* 
p]e»  and  may  be  under- 
fiood  by  reading  aver  the 
fereral  fteps  ^  the  work. 


R  ./,    L. 

i44)373(i     7     I 

p 

12)   85 


7     I 
SX  9=72  and  ii=6inc, 

8x  4=^32 
9x1 1  =99 

10  II 


i^X  4=44  WHi^=3  8 

3.  Midtiply  39  feeC)  iq  ioche^  9  lioesj  by  19  feet,  9 
liocfs.    Frod^Ay  7^0  feet  6     209* 

4«  Multiply  3 1  k^t  7  inchesj  by  9  feet  4  inches  6 
'  lines.    ProdoA,  296  foet  i     i     6. 

5.  Multiply  28  £eet  10  inches,  9  Knes,  by  19  feet,  2 
inches,  3  lines.    Produft,  554  feet  53*3. 

6  Maltiply  49  fqet  2  inches,  by  39  £pet  5  inches. 
Prodnft,  1937  feet  11     10. 

7.  Multiply  I  ;i  yards,  2  feet,  11  inches,  bj  13  feet,  9 
inches,  5Tme8,    Prodiift,  59  yards  5  feet,  55     7. 

Otherwife.  Heduce  each  term  to  inches,  and  multi<* 
ply  tbe  one  by  the  other,  the  prpdnft .  will  be  (quare 
inches ;  which  may  be  reduced  to  fquare  feet  or  yards 
by  the  table.  If  there  be  lines  in  both  or  eitlier  term, 
^reduce  them  to  decimals  of  an*  inch. 

Exam.  t.  Multiply  25  feet  tfinches^  by  18  feet  9 
inches. 

25  feet  6  inches=:3o6  inches,  and  18  feet  9  inchess 
22^5  inches.  306x225=68850  fqtrarc  inches,  whicby 
being  divided  by  144,  the  quotient  is  478  fquare  feet  18 
inches. 

V  2.  Mul- 


«4  MENSURATION 

2.  Muldply  31  feet  7  iacfaes^  by  9  feet,  4.  incheSi  9 
lines. 

379X112.5^:42637.5  iquare  inches,  which  being  re* 
duced,  is  296  fquare  feet  13.5  fquare  Inches* 

i».To  meafure  any  right  angUd  quadrilateral  figure^  and, 

compute  its  area. 

Meafare  its  length  and  breadth,  and  multiply  the  one 
by  the  other ;  the  produA  is  the  area  in  fquares  of  the 
fame  deoomin^ion  with  the  meafures  of  the  fides. 

What  is  the  area  of  a  fquave,  each  of  its  fides  being 
'v63  yards,  i  foot,  9  inches? 
.  ^n/w,  4042  fquare  yards,  7  feet,'^i  inches. 

r.    F.    I.  In  this  and  foch  like 

^  <^3  ^    i>  qoeftions,  the  bcfl  mc- 

L.  ,  •  thod  of  calcoladon  is  to 

^9^  .reduce  the  given  num- 

^^  ber,  or  numbers,  to  the 

2289  inches.  j^^^fj  denomination  Ja 

^^  ^  .  either,  and  then  multiply 

^®"®^  according  to  the   rule; 

5g  the  produft  is  the  area  in 

^Aq  fquares  of  that  denomi- 

nation,  which  may  be 


-^44)5^395^'(3<^3^?*  '  brought  to  a  Higher  de- 

Rcm.  81      4042  -7    81   nominatioii  by  the  Tables. 

yds.    ft.    in. 

More  Examples  V^SiQjT^RBS. 

i.'WHat  is-the  area^f  a  fquare,  each  of  Its  fides 
icing  12  feet  ?  * 

2.  What  is  the  area  of  a  fquare  whofe  fideJs  x6  feet 
^10  inches? 

•  •  • 

^n/»  283  fquare  feet  52  inchcf* 


OF    SURF  ACES.  115 

3.  ReqiQred  the  area  of  a  f^nare^'its  fid^  being  t^ 
yards  2  feet  7  inches  ? 

j/nf.  165  fquarc  yards,  3  feet,  97  inches. 

4.  Required  the  area  of  a  fquarc  pavement,  each  fide 
•f  it  being  21  feet,  9  inches,  and  10  lines  ? 

jln/.  476 fquare  feet  ts^^ inches*. 

Of    rectangles. 

I.  The  length  of  a  grafs-plot  is  75  yards  2  feet,  an4 
its  breadth  49  yards  i^-  feet ;  what  is  its  area  ?  . 
j^n/.  3  roodSf  3  poles,  25  yards.  - 

r.  F.     r.  F. 

IS     2.  4S^     It  ;  148.-S 

3  3  227 

227  M8'S;  1039s 

2970 

2970 


9)337095  %'feet 
40 

39-25}  3745-9      (123 


Rem^     25.15      3   3   2j 

7:  The  floor  of  a  room  is  25  feet  9  inches  long,  and 
18  feet  1 1  inches  wide  \  what  is  its  area  i . 
jdn/.  487.  feet  15. 

3.  The  circumference  of  a  room  is  90  feet  11  inches, 
and  its  height  .9.ieet  8  inches  j  what  is  the  area  of  its 
•walls  in  fquare  yards  ?- Multiply  the  circumference  by  the 
height. 

jifif.  97  yards,  5  feet,  124  inches. 

4.  The  length,  of  a  dry  ftone  dyke  is  5280  feet  9 
kches^  and  its  height  4  feet  7  inches ;  how  many  roods 

E2  ©f 
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cf  mafon-work  9re  ia  it  i  and,  what  does  the  baUdiDg' 
cpme  to,  at  ics.  74^d.  per  rood  ? 
Anf.  74  roods,  a5  yar4s5  ^c.  and  the  frioe  cooks  to 

The  followbg  quefKons  occor  frequently  ki  bufinefs : 

1.  What  length  of  a  deal,  ^hofc  breadth  is  9^  indies, 
"Will  make  a  fquare  foot  ?         . 

Divide  144  by  9^,  the  quotient  15-56  inches,  is  the: 
anfwer. 

2.  The  length  of  a  pavement  is  47  feet  9  inches,  and 
its  breadth  13  feet  ri  inches ;  how  many  iflrones,  each- 
17  inches  long,  and  lo-i  Inches  broad,  will  ferve  to  pave* 
k  ?  and,  what  wiU  the  expence  amottnt  to>.  at  7|d.  pep 
fquare  foot  ? 

Find  the  area  of  the  pavement,  as  alio  of  one  Aone  ia 
inches,  and  divide  the  former  by  the  latter  ;  the  quotient 
is  the  number  of  ftones. 

Afif.  The  number  of  ftones  is  536  y  and  the  wholc- 
«xpence  comes  to  L.  2 1 :  9:  2. 

3.  The  length  of  a  houfe  is  50  feet  9  inches,  and  its- 
breadth  23  feet  5  inches,  within  the  walls ;  how  many 
deals^each  18  feet  10  inches  long,  and  9  J  in^ches  wide,, 
wiirfloor  it  f    Aitf.  %\^'^  or  82  deals  nearly. 

4.  Suppofe  the  length  of  a  houfe  is  40  feet  9  inebefi,^ 
and  the  floping  height  of  the  roof  above  the  walls  19= 
feet  5  inches^  how  many  flares  will  cover  the  roof,  fup- 
pofing  each  flate  to  cover  i  7t  fquare  inches  I 

Anf.  1 3,021 1|. 

Of 
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7.  TV  nuafurt  am  oblique  anglei-'parallelagrami  and  com^ 

^ piiii  hi  arui. 

Meafoit  6X^t  fide/ aiid  the  perpe&diciiiar  falling  (rom< 
the  oppofite  angle  upon  that  fide,  and  then  multiply  the 
one  by  the  other,  the  produft  is  the  area. 

ExA'M.  t«    What  Is  the  area  of  an  obKque  anglec!^ 
parallelogram,  it»  bafe  being  49  feet  3.  inchesi  and  the 
perpendieolar  falling  from  the  oppofite  abgle  36  fieet  6- 
tfiches;  alfo  its  acute  angle,  being  70^  ?: 

Anf.  19^9  yards,. 6  feet,  90  iQches* 

2.  How  m^ny  i^uare  yards  are  there  io  .an  oblique 
angled  parallelogram,  its  bafe  being  37  feet  10  inches^., 
vand  the  perpendicular  height  2&-  feet  p.  inches  y  alio  its  < 
acute  angle  being  63^  30'  ? 

Anf*  120  yards,«7.feet,  102  inches*. 

Of  TRIANGLES:. 

J.  Ti  mtafure  any  triangular  plain  furface^  and  compute  ^ 

its  area* 

Meafure  one  fide  for  a  bafe,  zni'^Mh  the  perpendicu-^ 
lar  which  falls  from  the  oppofite  angle  upon  that  bafe; 
and  then  multiply  the  bafe  by  half  of  the  perpendicular  \ 
or,  multiply  the  perpendicular  by  half  of  tbs  bafej  the 
produft'  is  the  area. 

£xAir«^  I.  What  is  the  area  of-  the  triangle.  ABC, 
{Fig.  II*)  its  bafe BC  being  49  feet  6  inches,  and  the 
perpendicular  AD  42  ieet  9  inches;  alio  the  iegment 
BD:s36ifeet  ? 

Anf.  117  iquareyards>c5  feet  9inches. 

2.  What  is^  the  area  of  the  upper  part  of  the  gavel  of 

91  houie,  the  breadth  of  the  houle  betog-aj  £eet  pincheSf 

ani 
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2Dd  the  p^rpend^til^r  keighc  ofibe^vel  above  the  fide^ 

walls  being  14  feet  6  inches  ?         . 
Anf.  ipfquare  yards,  i  fooc».27  inches* 
4.  To.  find  the  area  of  a  plain  triangle,,  its  three  iide» 

being  ^ven.      .   . 

Add  the  three  fides>  and  take  half  of  the  fnm  \.  front' 

the  half  fum  fnbtraft  each  fide ;  then  -  multiply  the  half 

fum  by  the  three  jreoiainders  condaually,  and  extract  the 

Iquare  toot,  of  the  f  rod  uA  \.  the  root  is  the  area  of  the 

triangle; 

Demonjfrathny  Pig}  31. 

Put  fcAB,  ^i=BC,  and  r=Aa    From  A  let  falT  tbet 
perpendicular  AI>,  and  put  Af=:BD,'  then  a — Af=CD. 

f *  —X*  =r»— fl— AT*  =  AD* 

that  is  b* — x*=^*— ii*+2aAr— jc* 

ia      i  ,    ,      J       ^*— r*+fl'   Subfti- 
24rx=^*— r* +tf *  andA-= T» 

tute  the  iquare  of  this  for  x^  in  the  firft  ftep,  and  wc 

that  is  2g*&* +2^^/-*  +  2iafV*— ^^— g^— tf-^  r^hjy^ 

4a.*  « 


iherdforc  V2o**-*+2AV»-f 2A*r»— **— r*— t^*      ^  ^, 

=:  AD 

2a 

This  mnltipiied  by  f j,  gives  the  area  of' the- 
triangle,  viz*         ^ 


V  2ii*A*+2*V* +  2fl*r»r-^*— r^— i»*= 


tf+i+r     fl+^— r     a+c — b'    b^c-^n 

V X  -: X X 


2  2  2  2 

which  is  the  \rords  of  the  above  rule  exprcfled  in  fymbbk. 

Exam. 


[•  Let  the  three  fide^  of  a  triangle  t^^  i86^  nj6p 
:^xki  146  feeti  required  the-area  ?  ... 

1864-276+ i46r:(Sf}8^-wbQfe  half  is  .304.. 
.from  .304  fubtrafl  each  £de,  ^he  three  remainders  are 
118,  28,  and  158.  :.:..:. 

3  04  X  M  8  X  2  8x  1 5  8=1 5  8697  7  2  8,  whofe  fquare  root 
is  12597.52  fquare  feet,  the-aufwer.. 

By  logarithms.  .  Add  tlie;  logarithms,  of  the  half  fom^ 

^  and  three  difierencestogether,  and  take  half  of  the  fum ; 

the  number  anfwering  to  this  i»  the  area  of  the  triangle. 

.       304      ...  31.4828736 

118  a.07.18820 

28  _  1.4471580 

•^58  a*i98657i 


^)8. 2005707 


jfnf.     12597.5.2         4*1002853 

*2.  What  IS  the  area  of  a^riangular  field  wht>ie  three 
'  iides  are  1900,  i62o»and  1230  Knks  of  the  Scots  Sur- 
Teying'cbwn  ?. 
'jinj^  9875^40  Iqnare  liiflcs. 

3.  Required  the  area  of  a  triangular  field,  its'  (htth 
'iides  being  136,-^47,  and  296  yards  in  Englifli  land 
meafure? 

Jnf.  16673  fquare-yards,  or  3  acres^  i  rood,  31  poles* 

Of   trapeziums. 

A  trapezium  is  a  quadrilateral  figure,  wfaofe*  oppofite 
£des  and  angles  are  tmequal. 

When  two  oppofite  fides  of  atrapeziam-are  parallel, 
-i#s  -ARCEfj^F^.  57.)  its  area  may  be  foun^  thus :  Multi- 
ply 


l»Iy  the  half  (am  of  ies  parafldiides  t>)r  the 'perpeaficidar 
-diftaace  between  them,  the  produft  is  the  area. 

Exam.  La  AVni^t  yards>  BC=j4  yards  2  feet,  and 
CD=:  30  yards,  i  foot,  4  inches  j  what  is  the  area  of  the 
trapezium  ABCF  ? 

^fff>  1 167  yards>  48  inches. 

5.  To  find  the  area  of  any  trapezium. 

Divide  ft  into  two  triangles  by  a. diagonal  line,  to 
which,  draw  perpendiculars  from  the  oppofite  angles  ; 
meafdre  the  diagonal  and  the  two  perpendiculars,  and 
muldpiy  the  diagonal,  by  the  fnm  of  the  perpendiculars^ 
«nd  half  of  the  prodnA  is  the  area  of  the  trapezium. 

Note.  This  rule  is  ihort  and  eafy,  and  when  it  can  be 
applied,  is  the  befl:  for  ptaAice. 

Exam.  Fig.  58.  Let^he  diagonal  06=236  feet,  the 
perpendicular  C^=  137  Fejstj  and  the  perpendicular  Afzs 
^5  fe^t ;  what  is  the  area  of  the  trapezium  ABCD  ? 

jfnf.  27376  fquarc  feet. 

Exam.  a.  I^  the  diagonal  DB=:349  feet  9  inches ; 
the  perpendicolar  C<=:i52  feet  6  iac^es»  and  the  per* 
pendicular  A^ix2  feet  2  inches  j  alfi>  6^=94  feet,  and 
9^=192  feet.  Required  the  area,  of  the  trs^ziua 
ABCD?    /%.S«. 


F.     /. 

152    6 

112      2 

11- 

12 

*                                             • 

*83o 

*J4<5 

1346 

■  '•.  •■;  1 

4)3176 

A 
4                  I 

1588 


#.  I 


•F   SURF AC I ft  9^ 

J".     /. 

3.49    St 
12  ^1^.  5149  yd*.  5  ft.  S4  jt« 


4»9r 
1588 


•IMH 


33576 

33576*- 
20985, 

4197 


9^F^ 


.144)6^64836  (46283 '  84* 

Rem'.  84 .  I 

5-^4*      5-   84  \ 
yd.^.     ft.    mi.. 

2t  What  18  the  area  of  a  trapezium,  \^bo(e  diagonal 

iipyardsi  2feety..6  ioches;  and  the- perpendicular^  . 
50  yards^  diftant.  from-  one  end^f  the  diagonal,  is  6% 
Xards  \  ,alfo.the.perpcndicuhri  36  yards  diftant  from  the 
•ther  end  of^ the. diagonal,  is  ^4, yards,  2  feet^  3  inches  ?  ' 

Anf*  879Zyards^  6  feet,  ^35  laches. 

Or,  the  area  of  ^any  trapezium  may  b^fbond  thus : 
Meafure  the  .four  fides  and  the  diagonal,  and  find  the- 
area  of  each  triangle  from:  its  three  iidea^  thefum  of  thefe 
ia  the  area  of  ^'the  trapezium,  t 

Exam*.  What  is  the  area  of  a> trapezium,  .vrhofe  iides  * 
areas  follow,  yiz.  AB=i46,  BC=:37,  CD-75,  and  DA;=: 
63  feet ;  altb  the  diagp;ial  AC^73  feet?  .i^rjr.  5^* 

Anf.  2823.52  fquare  feet.  . 

6»  To^nd  the  ^rea  of  an  urregubur- polygon,  or  multl- 
la]teral  figure.  Draw  diagppals,  and  let  fall  perpendicu- 
lars on  them  from  the  oppofite  angles.  Meafure  the 
Ailgonals  and  perpendiculars, ^and  by  chefe  find  the  area 
•Ctach  Iriaogle }  the  fum  of  thefe  area.*;  Is  the  aniwer.  Or, . 


m  M 1 M  S^  tr  R  A  T  TO  Ki 

Meafare  all  the  fides  and^diagdoals,  and  fiad  the  areai 
•f  each  triangle  from  its  three  fides;  the  film  of.thefe  is- 
the  anfwcr. 

This  is  the  mofl  pFoper;iaethod  in.fiirvq^ingof  land*. 

Exam.  Fig.  59.     Let  the  diagoaal  AC=245,  feet,, 
•  AD=2o8  feet,  the  perpendicular  ifiziio  feet,  0^130^ 
feet,  and  BZr-97  feet ;:  what  b  the  area,  of  the  irregular-: 
polygon  ABCDE  ? 

Anf.  39247.5  fquare- feet. 

2.  Let  AB=i74,  BC-150,  CI):=i5;2,  0Es:i48,  andl 
EA=:i6o  feet;  alfo  the-^lageeals  AC^:2£^6$  aad  AD=: 
220  feet ;  it  is  required  tofini  the.area^of  the  irregularr 
polygon-  ABCDE  I 

Anf.  41234  fcjuare  feet; 

7.  To  find  the  area  of  any  regular  p<dygoQ5  fiich  as  %& 
keptagon,  hexagon^  &c  Every  regular  polygon  is  equals 
to  a  plain  triangle,  whofe  bafe  is  equal  to  the  fum  of  the. 
ildcs  of  the  polygon,  and  height  equal  to  the  perpendi-^ 
cular  falling  from  the  centra- oa  any  of  its  fides.  There- 
fore, meafure  one  of  its  fides,  and  the  perpendicular  fal- 
ling from  the  centre  oathat  fide  ;  and  multiply  half  thc- 
fitm  of  the  fides  by  the  perpendicular,  the  produ^^is  thc- 
area  of  the  polygon. 

Exam,  Fig.  60.  Let  the  fide  of  the  hexagon.  AB— , 
329  feet,  and  the  perpendicular  falling  from  the  center, 
•n  that  fide  €0^=284  feet  y  what  is  its  area  ? 

Anf.  2S03P8  fquare  feet*' 

2.  What  is  the  area  of  a  pentagon^  each  of  Its  fides- 
feeing  45  feer  9  inches,*  and  the  perpendicular  falling: 
from  the  center  on  any  fide=:3 1  feet  8  inches  ? 

Anf^  3^62 1-  87  ^  fqpafe  fceu 

3.  Whar 


^  What  » tbeere^  ctf  do o Aagoft^  wbofe^fije  k  i| 
:fard%  I  f©ot,  3,HK:h«fi  ,a«d  tbc  pcrj^Ddicular  rWliaf 
from  the  center  on  aoy  of  its  fides  is  i6  yards  diockesi? 

^ftf.  867  fqoare  y^rds,  5  feet,  72  inches. 

O  F     T  H  E     CIRC  L  E,    Fig.  6u 

In  M  qveftions  conceffliog  the  circle,  It  is  coofidered 
*as  a  regtfiar  polygon  of  a  great  number  of  fides5  whicbj 
taken  altogether,  are  cq»al  to  the  circumference. 

The  length  Of  aright  linq,  nearly  equal  to  thecircom* 
Hmsace  a(  a  circle*  whofe  diameter  i»  ki»Q!oiif^  h  fovnd  in 
this  maimer;  A  regular  polygon  of  a  great  .mii^ber^of 
•£d68  i$.  fypp&kd  to  be  iaicribed  wilhin:tfae  circle,  und 
aodther  of  ^  many  ifides  defcribed  about  ;k.  The  'ciiv 
cumfcnsace  of  the  circle  lyii^  between  both.  Is  gp:eater 
Chan  the  one,  and  le(s  than  the  other  ^  but  the  difference 
•is  very  fmall  ^  and  therefoi^,  the  Him  of  the  i}dcs  of  each 
polygon  bd9g  calcoteted,  the  'arithmetical,  mean  betweea 
them  is  taken  for  the' true  circumferea(^e» .  . 

Bythxs  method,  it  has  been  found,  that  the  diamctet 
being  i,  the  circumference  'will  be  3. 14.15926525^  or 
3.1416^  and  its  area  •7853931633,  pr  .7854. 

To  exemplify  this  in  the  plaineft  manner. 

Definition.  "  If  any  point  B  be  taken  in  the  cir- 
cumference of  a  cirele  ACD,  and  from  that  point  ftraight 
lines  BA,  BD,  be  dr^wn  to  the  extremities  of  the  dia- 
meter', then  AB  is  the.  chord  of  the  arch  AB^  and  BD 
is  the  fiipplemencal  chord. 

The  dianieter  of  a  circle  being  given  to  find  the  cir 

cumference     Let  AD  be  the  diameter,  E  the  center^ 

* 

^nd  AB|  BC  two  equalarches :  join  AB,  BC  and  CD ; 

0^2  produce 
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i 


produce  DA  to  F,  To  that  AF=DC,  and  draw  the  ftratght 
lioes  FB,  BU :  tbea  DB  is  a  mean  prpportional  betweaa 
JSDaadDF. 


MONSTRATiOH.  Thc  triangfe  ASF  irequal  te 
the  triangle  CBD,  for  AF  is  equal  to  CD,  AB  to  BC, 
and  the  angle  FAB  is  equal  to*  the  angle  BCD ;  the  angle 
CDB  is  equal  to  the  angle  at  F^  and  the  angle  CBD  to 
the  angle  ^ABF.  But  the  angle  CDB  is  equal  to  the 
-angle  BDE  or-EBD,  and  thcrcforie  the  triangle  EDB  k 
equiangular  and  fimilarto  the  triangle  BDF. 
therefore  as  ED  :  DB  : :  DB  ;  DFr:AD4-PB,  thca 
DB*  =EDxDFw  DB*  =  EDxAD+BB. 

If  the  radius  ED  =  i,  then  DB*  ac  AD+DB,  and 
DBss-v^AD+DB. 

If  OG  be  taken  equal  to  DC-;  join  BG,  and  the  tri- 
angles EAB,  BAG  are  fimttar  j  and 'EA  :  Kh  : :  AB  :  * 
AG:=AD-DG. 

Hence  thc  chord  of  any  arch  is  a  mean  proportionil 
l)etween  the  radius  and  the  difference  between  the  diame* 
ter  and  the  fupplcmcntal  chord  of  double  the  arch. 

If  the  diameter  AD  =:  2,  the  radius  £A  =  i  then 
V2  '.-CD-BD  theTupplemental  chord  of  half  the  arch 
AC :  alfo  Va-CD  =  AB  the.chord  of  half  the  arch 

AC. 

fC0 


*0^  SUHT  ACES.  tvs 

^o  find  the  drcttfflference  of  a  drdej  its  diameter  bo> 

If  AC  be  the  fide  of  a  hexagon  inicrtbed  in  the  'di^ 
de  I  then  AC  s  the  radius  =  i,  and  the  iupplemental 
chord  CD  =  V3  5  for  CD  =  VDA*— AC*  =  -•4—  i  =s 
\/3,  =  A :  alio  the  fttpplemeatal  chord  of  the  arch  AB^ 
the  12th' part  of  the  circumference  =:  Va+^3=  ib 
And  by  calculating  the  fupplemental  chord  of  the  half 
of  every  fucceeding  arch»  we  fball  bare  one  as  fmall 
as  we  pleafe,  and  from  thence  the  chord  t>f  this  fmaU 
'arch,  which  willbie  the  fide  of  the  polygon  of  as 
nany  fides  as  the  denominator  of  the  fraction  contains 
units  ;ithen  multiply  this  (ide  by  the  number  of  fides,  the 
produft  (hall  be  the  perimeter  of  thepalygon^  which  i^ 
r  nearly  the  eircumference  <^- the  circle. 

The  (leps  of  the  operatio&-are4o  the ToIIo wing-Table: 
Paris  bf  thg 

^ClRCUMFERENCB.         '  SlTPPLEMBNTAL  ChORDS* 

i         V3"  '      -1.732050807  5682i»     . 

V2+a^  'hi.93*^5  1652557=* 

1.982889722742=^ 

^         rfi+d  1.998929174951=^ 

V|t      ^2+^.  i-999735t275S^8=5^ 

^      Va-t/  XA;>995i33o67834=rp 

TTT       "^i+L  i^99^32^6tt88=i 

-rrW     V2+A  1-9999958 1671 7:2:4 

'Add  2  to  the  fupplemental  chord  k  and  fubtradl  tfat 

^Tum  3*99999581-6717  from  4,  the  fquare  of  thediame- 

iter,  and  there  remains  .000004183283,  \vKich  is  the 

.tf^uai«  of  the  iide  of  a  polygon  of  3072  fides  infcrib^ 

in 


I 


isk  the  drdc9  and  the  fqiiare  root,  of  '000004183^(93  ii 
•0020.453071  the  fide  of  the  interior  polygon. 

To  find  tfie  fide  of  a  polygon  of 

3072  fides  circa micfibed  aiboat  ttve* 

^tclc.     bet  AID  be  ihc  archj  £1 

t&e^ radios, .  AD  tHe  fide'  of  the  ki-  ^5>*^d 

Icnbed  peiygoir,  aad  HG  the  fide  eff  the  dretiiirfcribo* 

•polygon,     t  he  perpe&dkuiltr  £FsV£ A ' •— AF* 

IFrom.  EA*^    I.  . 

Sobtr  Af  *='   .oooooio4;82c7 

FL*;=  999V989S41793  tbeo  EP*2=.99999947y 
A«  EF  :  El ,: ;  AD  :  H<J-:the  fide  ef  the  exterior 
folygon;  that  is».  .9i>99^j4y7  :  i;:  .00204530,71  i 
^•o2<i45  3o8a-'HG.. 

Interior  fide  .0020453071 
,  ...    IJ*"  of  fides  3072 


.  fi    >  i   1    flr> 


^  t     i 


409061421 

M3 171497 
*t35srtt3o 


V 


^nm.  of  the  inter.  6.2831834112 
of  the  exter.  6.283 1 867904 

a)i2. 5663702016 

6.283^851  S3  die  circtWttf.  of  the 

drcle,  the  diameter 
'being  2 ;  true  to  the 
jth  decimal  place. 

teftcrior  fide    .00204J30B2 
N^'Of  fides     307a 

40906164 

.  ^    .  i43»7iS74 

6i359M^o .,., 

|)erim*  of  the    0.2831867904 
exterior  polygon. 

Bet>c* 


'**T 


'  o  r»  s  tr  ft  f  A  t:^3v.         rtr^ 

StDce  the  diameter  of  a  eirde.  being!  if  tl^e  ctrciil8- 
ference  is,  3«i4i59>^5j  or  3.1416  nearly;  audits  ^cfb^ 

8.  'The  diameter  of  aidrde  bebg  pi^eRt  taQfi4  H^  ^- 
eamfereoee.  *  » 

fiecaufe  the  drcmnfeixaGBB  of  .droh»  affttpt^cb  i>tii€r 
as  their  dituBeters,  and  the.  circnmfttreocc/  Q^;.a,<;irclc» . 
vfaoie  diameter  i««  i,  ii  3, 14.1 6^  thereioref  as>  i  is  to»^ 
3.1414,'  fa  is  the  diameter  of>  any  dccie  to  i^SfdraiiB&r  \ 
reace.  And,  becaide  ^e  firft:Jtoniii:of  ithe  {tnotporitiQa  is , 
X,  therefonei  midtipty  gvi^i^h?:  dieu.gif8a>diametar>  tbe^ 
prodnft  is -llie  circttaifereape.' 

Ekam.^  l.    What  is  the  dra]mfeFeoce>  of  st- circle^' 
whofe  dianifeter  is  19^  ioicfaes^?: 

jinf.  6i.;;6i2  inches*.  ' 

a.  1  he.  diameter  of  the  earth  is  7964  miles;  what  is^ 
die  circumference  of  one  of  its  greatcircles  i 

j^  25,019.7  o^les*. . 

9.  The.  diameter  of  a  circle  being  glreoi  to  find  iis  * 
arsa. 

A  ^rple  is  equal  to  a^  plain  tfu^ngU,^  whoTe  ]baie.is^ 
equal  to  the  circumference}  and  its  perpendicular  height 
equal  to  tb^  f  adi^s ;  but  fimilar;  tris^ngles  ar/s  to  each  o- 
tber  as  the  fquares  of  ^tbeir  x:orfeipondent  fides ;  there* 
fbrci  drcles  are  to  eaqh  other  as  the  fquares  of  their 
*^'^  9  Of >  (becauie.  the  radius  is  half  of  the  diameter )»  as 
the  fquares  of  their  diameters.  And,  Iracc  the  area  of 
a  circle,  whofe  diameter  is  i,  i^^.^Z^^  \  as  the  iquare  of 
I  is  to  thefquareof  any  diameter  fo  is  .7854  to  die 
area  ;  and,  becaufe  thefirft  term  of  the  proportion  is  i^ 

Multiply  the  fquare  of  any  diameter  by  .7854,  xhe 
f rodiift  is*  the  area  of  the  circle*- 
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ExiM.  I*.  What  U  the  area  of  a  drde  Vfhofe  rfiuM" 
ter  is  101  iflches  ?' 
jfn/.  1 13*0976  iqnare  ioches. 
2w  What  is  the  areaof  a  drde  vhoie  diameter  is  1^4^ 

Anf.  498 1 4227  *47  84  iqoare  miles. 

There  are  other  numbers  expreffiog  the  proportioo  of' 
the  diameter  of  a  drde  to  its  circumference.  ^  Arthi--- 
tnties  found),  that  the  diameter  being:  ^^  the  circumfe- 
rence would  be  22  Y  and  therefore,  as  7  is  to  22,  ib  is  ^ 
the  diameter^of  any  drde.  to.  the  drcumference  \.  and,  if  ^ 
the  area  of  the  drcumfcribed.  iqnare  be  14,  the  area  of- 
die^ circle  would  be  1 1  vaod  thcvefore^^as  i4is  to  1 19  lb 
%  the  fquare  of  any  diameter  to  the  area*  of  the  cirde.^ 
But  thefe  numbers  are  not  vay  accurate* 

Mttius  founds  that  the  diameter  being  113,  the  cir* 
cimference  would 'be.35j  ^  therefore)  as  1 13  is  to  355*^ 
i^  is  any  diameter  to  the  circumference  ^. which  is  nearer 
the  truth  than 7  tO'Oa. 

10.  To  find  the  length  of  any  arc  of  a  drde,  the  num- 
ber of  degrees  in  that  arc,  and  th^  radius  pf  the  circle 
being  given.' 

Multiply  the  number  of  degrees  in  the  given  arc,  the  - 
radius  of  the  circle,  and  the' number  •01745329  con-- 
tihually }  the  produft  is  the  leog^  -of  the^arc^ 

Exam.  Required  the  length  of  an  arc  of  a  chrde  <tf " 
r2i®  26',  thcTadius  of  the  tarde  bdng  25.455  .^^ 

^'^f^  S3 -949^1  &c. 

Note*  .01745319  is  the  length  of  an  arc  of  z^degreCj  > 
the  radius  being  i. 

1 1.  The  area  of  a  circle 'bring  ghren^  to  find  tfhe  dia— 

flieter.and  circumCercnce  * 

Divide^ 
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Sliride  the  given  area  by  .7854 1  the  fqnarc  root  of^ 
tile  qaodent  is  the  diameter ;  which^  beiog.multiplied  by  ~ 
3.141 6|  the  prodtrfl  is  the  circumfereoce* 

ExiM.  I.  What  is  the  diameter  and  circamfereQC& 
of  a  circle  "whofe  area  is  roeoo  fijaarc  feet? 

jtinf.  Diameter  iizS  feet*-  CircinQference  354«3.72r 
feet. 

2.  What  Icngthof  a  covd  tied  ta axow'stail,  the  o-- 
ther  end  being -fixed  in  the  ground,  will  allow  her  to  eatr- 
a  Scots  acre  of  gra&;  the.  length  of  the  cow.  and  tail^ 
b^g  3tr  yards  ? 

jinf.  39.3  yards. 
'    ^cte*  A  Scots  acre  of  laad  is  5760  fq^are  yards.  ' 

12.  The  drcamference  of  a  circle  being  given,  to  findv 
its  area. 

Multiply  the  Iquarc  of  the  dr cumfei;eace  by  -079577  j,  „ 
the  product  b  the  area* 

f.xAU*  i»  WJijitistbeareaof  acircle,  whole  circum*- 
fcrence  is  54  inches  i .       ' 

Anf.  232.047^9  fquare  inches.^ 

'2.  What  is  the  area,  of  a  circle  wiiofe  circumference  is-> 
4^4^  inches?' 

Anf.  143.73(58,.  &c. 

To  bring  all.  the  problems  about  the  Qrcleanto  one^: 
^^ew^ 

Pu«  d±-^  diameterj p^  tfae.rcirciimference>  A  s  the^^ 

aiiea :  and  kt  a  3=  3.1416.  i  =— =«7854 

r»     I  I  a  : :  J,  i  ^  ot  ad:zp*^> 
2.    lib::  d^  :  A  or  M»=A; . 


Zt    ^^  £or  ^/--a  183^  l>eca»ie  j^^^i^ip 


k^W 


4«- 
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4.     ^V*=:/*,ori*=^^   that  IS  J*=.  10132^'^. 
for 


9.^^6965 


=•10132; 


A  I 

5.    </*=y=:i.Z732  A^for-^^=I.27312U. 

#.    #rf*  =  -^=^  then  --j-=?N  and  by 
fiibflituting  —  for  i,  we  have-- 

4.^*"  A 

7» =p,  *  thatis 4^"=^*  'y  therefore 

S.     A  zJ-  that  i8  A  =   ^    ,^    or  .0705775  A»=AS. 
4a  12.5664,      .    '^^'*^^ 

9.    ^4=  V-j*=  V'i-273.z  A. 

— — —  A*- 

10.     />=r  V4^Aor/=  V 


.0795775 

13.  To  find  the  area  of  any  feftorof  a  circlei  the- 
length  of  the  arc  and  the  radius  of  the  circle  being  giveai 

Multiply  thfe  radios  by  half  the  length  of  the-arc,  the 
prodafl  is  the  area  of  the  fe£h)r. 

Exam.  Fig,  6y»  It  is  required  to  find  the  area. of  the. 
feftor  BC  R,  the  length  of  the  arc  BC  being .£2.99455 5^ 
and  the  radios  RC=25.455  ?. 

14.  To  find  the  area  of  the  fegmeot  of  a  circle  leii 
tban  aiemicircie,  its  bafe  and  height  being  given.  Fig*  6i» 

Let  CPO  be  thcfegmeat,  wbofe'area  is  to  be  found. 

I..  Divide  the  fquare  of  Ci  by  01,  the  quotient  is  IB, 
vhichi  added  to  OI,  gives  BO,  the  diameter* 

2.  Having  found  the  diameter,  find  the  circumference 
ef  the.  circle  by  problem-  9.  p».  127^ 

3-  Itt 
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I 
I 

^.  To  the  right  angled  tfiangle  CRT,  all  the  fides  arc 

-known,  from  which  the  angle  CRI  may  be  found,  whole 

tloubk  is  the  anglfi  CRP,  or  the  arc  COP* 

.  4*  As  '^60'^  is  to  the. arch  COP  in  degrees,  fo  is  the 

vcircumference  of  the  circle  to  the  length  of  the  arch 

CO?. 

.     5.  Multiply,  the  radius  RO  by  half  of  the  arch  COP, 
.  the.produflb  is  the  area  of  the  fcftor  CRPO. 

6.  Find  the  area  of  the  triangle  CPR,  and  fubtraft  it 
from  the  area  of  the  feftor  CRPO  5  ihe  remainder  is  the 
^rea  of  the  fegmcnt  COP  j  but  when  the  area  of  a  feg- 
ment  greater  than  a  femicircle  is  required,  fuch  as,  CBP. 
To  the  area  of  the  feftor  RCBP,'  add  the  area  of  the 
triangle  CPR,  the  fum  is  the  area  of  the  fegmcnt  CBP. 

Exam.  Let  the  chord  or  bafc  of  the  fegmcnt  GE= 
44.4,  and  the  vcried  fmc  or  height  01=13  5  what  is  the 
area  of  the  fegment  CPO-?  •      j^nf,  410,  -&c 

Otherwife  put  r=:the  radius  RO.  ir=haif  the  chord 
=Ci  and  i/=RO— OI-:  and  the  area  of  the  fegment 
CO?  mil  he  2i-rr— I 'rd^dd     ^ 

-■^ r-- • rXC 

*iir+d 
And  the  laft  example  wrought  by  this  yuk  comes  out 

409.49  fquare  inches. 

2.  It  is  required  to -find  the  area  of  z  fegment  of  a 
'  •<:irde,its  bafe  bong  25-455-,  and  its  height  f  .28  ? 

An/,  92*469.  ^ 

15.  To  find  thp  area  of  any  zone  of  a  circle  included 

•^between  two  parallel  chords ;  the  diameter  of  the  circle, 

•  Hhe  including  chords,  and  the^breadth  of  the  zoae  being 

giren.     Fig*  61.. 

Casb.  I.  When  -the  including  chor4s  arc  equally  di- 
'Jtxat  from. the  center,  sts  QPand  EF. 
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/ 

Si^Gt  Ky,  the  breadth  t)f  the  zoii«,  tsj^mi,  X.I  Vitf 
'Ac  kaown  $  which  hd&g  iiibtraAed  from  'the  femicfit- 
^.ineter  of  the  drclej  the  hdght  of  ifae  fegment  cat  oS^ 
*Oi  will  rcmaiit:  Ther^fisN-e^  find  the  area  of  the  whole 
.circle,  .^nd  xiifo  the  area  <^  the  SkgeatciA  COP :  Sobcraft^ 
:  twice  the  area  of  the  fegment  COP  from  the  area  of  the 
<^,ctrcle^  ood  there  witt  ret&aia  the  areia  of  the  zode  CEFP. 

Case  2.  When  the  2otte  is  iociuded  by  a  diameter 
,and  any  thord,  as  AD,  CP. 

Fmd  the  area  of  the  fegment  COP,  and  fubtraft  it 
from  the  area  of  the  Semicircle,  the  remamder  is  the  area 
'  of  the  zone  ACPD. 

Case  3«  When  -  the  including  chords  are  unequally 
.  diftant  from  the  center,  and  both  on  the  fame  iide  of  it. 

In  this  cafe,  the  diftance  of  each  of  Ibe  inchiding 
/chords  from  the  center  of  the  cirde  maft  be  Jcnown^ 
.and  then  having  found  the  area  of  each  of  the  fqgmenis 
rcot  off  by  the.chocd9y  the  difieresce  of  thefe  areas  is  the 
-area  of  the  zone. 

Case  4.  When  the  including  chords  arennequa],  at^ 
^.on  4ifierent  ides  of  the  center. 

The  dKlance  of  each  chord  from  the  center  mvt&  be 
•^nowa;  aa<i4n  this^  cafe^ompute  the  area  of  each  of  the 
fcgments^t  (jlF,  acfd  fiibtraft  tbdrfbai:  from  the  area  <i 
'  the  whole  circle,  the  remainder  is  the  area  of  the  zone. 

The~£ime  rdloswiU'ime  for  oomfiotfaig  the  area  of 
>a&y  part  «f  a  drcle  included  between  c^rd  Hoies  which 
;»«re  not  parallel  I  (he  diAa^c  of<achr<;bord  from  the  cea*< 
vter  being  known.  ^ 

£xaM«  1.  Let  the  diattei^er  df  a  cirde  be  i<  ituihes^ 
is  reijuired  to  60A  the  ^rea  of  ksjiiSddk  K<iQe>s  incliid- 
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ai^S  betweea  two  paratldl  diords  lequdly  diftant  from  the 
^^•Bter,  each  chord  being  i2*4f  iiiche%  apd  .the  breadth 
of  .due  spoe  410  oKabes  J 

jin/l   148.867  fqoare  inches. 

a*  Let  die  diameter  of  a  circle  be  259  it  is  required  to 

v&id  the  area  of  a  uoeof  it  <:ootaincd  between  two  pa- 

Tdlel»  but  unequal,  chords,  lyioig  on  different  fides  of  the 

center ;  the  greateft  chord  being  20,  and  its  diftance  from 

^the  center  74-  $  and.  the  J^aft  chord  i^j  and  its  diftance 

from  the  center  JO? 

1 6.  The  diameter  of  a  circle  being  ^ven^  to  find  the 
*  diameter  of  another  circle^  fuch,  that  the  area  of  the 
f^ven  circle  (hall  be  to  the  area  of  the  otber  in  a  given 
ratio,  ftjspofe  df  2  to  3.  " 

Becaufe  the  areas  of  xirdes  are  to  each  otlrer  as  the 
"fquares  of  thdr  diMbelers^  tberefort,  as  2  is  to  3,  fo  is 
*the  fqnare  of  the  giiven  diameter  to  the  fqiiare  of  the 
<^ame(er  of  the  circle  reqmred. 

EiAM.  Let  the  diameter  of  adrde  be  tpj.  iochsi ; 
4t  is  required  to  find  the  diameter  of  another  cirde, 
ivhole  4irea  (hall  be  to^he  area  of  the  firft  drck  in  the 
ratio  of  3  to  2  ? 
jiftf.  23.882  inches* 

2.  The  area  of  a  cirde  is  50  fqoare  feet ;  k  is  require 
«ed  to  find  the  diameter  of  another  circle,  whofe  area 
^all  be  to  the  area  of  the  given  cirde,  as  ^i  to  5  ? 

Jlfi/\  The  diameter  is  6*675  ^^^^ 


s 
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Of  the  ELLIPSE- 

Definifion  V.  An  ellipfe  is  ^  plain  figure  bounded  by  a 
curve  line,  like  a  circle;  bat  has  diiferent  propei'ties* 
Fig'  24.  '  /    . 

2.  There  is  a  point  in  an  ellipfe  called  its  center, 
through  which  it«  diameters  pafe ;  but  every  part  of  its 
circumference  is  not  equally  diftant  from  this  point,  as  ia 

the  circle. 

» 

3 .  All  the  diameters  of  a  circle  are  equal  to  each  other, 
4)ut  the  diameters  of  an  ellipfe  are  unequal. 

4.  The  ellipfe  hath  two  principal  diameters,  called 
axes,  which  cut  each  other  at  right  angles  in  its  center. 

.  5.  The  longcft  diameter  AB  is  called  the  tranfverfe 
axis,  and  the  fhorteft  diameter  GH  is  called  ^e  conju- 
gate axis. 

17.  The  two  axes  of  an  ellipfe  being  given,  to  find  its 
idrcumfcrence. 

1.  Take  half  the  fum  of  the  two  axes,  and  multiply  it 
by  3.1416,  the  produft  is  the  circumference  nearly. 
'Generally  too  little. 

2.  Square  the  two  axes,  and  multiply  the  fquare  root 
•of  half  their  fum  by  3. 14 16,  and  the  produft  is  the  cir- 
cumference nearly.     Generally  too  much. 

•3.  Take  the  half  fum  of'thefe  two  produfts,  it  is  the 
circumference,  very  near  the  truth. 

Exam.  Let  the  tranfverfe  axis  AB=;:3i^  inches,  and 
the  conjugate  axis  GH=Z3|  inches ;  wTiat  is  thcf  circum* 
*ference  of  the  ellipfe  ? 

Jtff.  87.2114  inches. 
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AB  =  3i.5 
GHi=  23.75 


'    m^ 


^)  55*^5 

Half  lum  of  the  two  axes=27.6ay 
then  27.625X3.1416=86.7567  the  ift  produft. 

The  fquarc  of  AF  =  992.25' 
the  iquare  of  GH*  =  564.0625' 


Sum  of  the  fquares  of  AB  aad  GH  =:  15.56.3125 


half  ditto     778.15625 
and  the  fquare  root  of  778.15625  is  22-8954 
now  27.8954  X  3.i4.i6  =  87.636i8864.=thc2dprodaft: 
to  which  add  the  I  ft  produft  86.7867 

2)  174.4228^ 

I  • 

jfnf.  The  circumference  is  87.2114  inches. 

6.  The  area  of  any  ellipfe,  is  equal  to  the  area  of  a 
circle,  whofe  diameter  is  a  mean  proportional  betVeea 
the  two  axes  of  the  ellipfe.     Or, 

The  reftangTe,  or  produft  of  the  two  axes  of  any  ellipfe 
is  equal  to  the  fquare  of  the  diameter  of  a  circle,  whofe 
area  is  equal  to  the  area  of  the  eilipie. 

18.  To  find  the  area^  of  an  el%fe,  its  two  axes  being 
given.     jKg>  24. 

Multiply  the  longer  axis  by  the  fhorter,^  and  tbe  pro- 
duft by  •7854  ;  the  laft  produft  is  the  area  of  the  ellipfe  ? 

Exam.  Let  the  longeft  axis  ABr:^]^  inches,  and  the 
Ihortei^  GH=:23]  inches ;  wliat  is  the  area  of  the  et 
Kpfe? 

^«/"«  587-577  Iqaare  iBcbes. ' 

SUB- 
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.         SURVEYING    OF    land: 

Small  part*  ef  the  earth's  fiirface  are.  efBoiated  ia^ 
acres,  aod  pdtts  of  ao  acre. 

A  right  angled  parallelogram^,  wboie  length  is  la 
chains^  and  breadtlr  i  cbaia,  or  any  fpace  containing^  u^ 
fqaare  cbains,,  or  loo^ooo  fquareliaks»  is  an  acre. 

Tab^b  cf  Scoi^  Lami  Meafure* 

8q.  Links.      8q.  Ffcet.      Sq.  Elit. 

*25  =    342f  =      3d=:      I  Sq.  Fall. 
25000  =  1.J690  —  1440  =    40  =  I  Sq.  Rood. 
100000=  547^0  =  5,760  =  160  =  4=1  Sq.  Acre. 

jNT.  S.  In  thi^  table,  the  Ss:o|s  ell  is  5^7  incfaes,  and  thesr 
feet  are  Engliih. 

The  %uare  ell  exprefled-  in  iqaare  links  and  decimal* 
parts  is  17:- 3.61  i.i,  or  9.50694. Engliih  fquare  feet.. 

'      Ta^-l^  9f  Englijh  Lani  MtaJnrH    . 

9q.Lbki.      8^  FceC.    %^^Y8s4i^ 

ootIt  =         9=       ^■ 

625  »  272^=5    30^5=      iSq.  Pote^ 

25000  =  10890  =5  1 2.^0  =    40  =  ^  Sq.  Roodi 

1^0000  =  43560  zi  4840  =  160  =  4  =  1  Sq.  Acre* 

The  EnglKH  iquape  yard^xprofled  U)  fquare  Unkvand.T 
decimals  of  a  link,  is  20.661157  fquare  links  of  the^ 
£ngUfii  chain* 

When  the  dimeaiioos  of  a  field  are  taken  with- the ^ 
iurvejfing  chain,  they  are  commonly  exprefied  in  links  tz 
»nd  the  area  comptited  from  thefe  cfimenfiona  h  iqIKur^- 
links. 

To  redace  fquare  link»  to  acres,  roodsj  &Ci  If  it  be: 
Scots* mea&rei  divide  the  fquare  links  by  looooo^  -which  - 


naav 
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Aay^bddooe  by  poiatiog  off  five  figures  (a  the  nght 
hand.  The  figures  ontheleftot  the  pomt  areacres^. 
aad  thofe  on  the  right  are  decimals  of  an  acre.  Mulci-* 
ply  thefe  decimals  by  4,  40,  and  36  ;  and,  from  each 
produft,  poinrofF  five  figures  to  the  right  hand,  and 
you  have  the  roods,  falls,  and  ells. 

If  it  be  Englilh  meafure,.  'divide  the  fquarc  links  by 
looooo  as  before,  and  multiply  the  remaining  decimals 
by  4,  40,  and  30J  ;  and  from  each  produ<^  point  off  tive  ■ 
decimals,  and  you  have  the  area  in  Englilh  acres,  roods>  , 
poles  or  perches,  and  yards. 

EXAMPLES. 

I.  To  find  the  area  of  a  re^angular  field,  bounded  hf 
ftur  flraight  lines.     Fig.  56 

Meafure  its  length  and  breadth,  and  multiply  the  one 
by  the,  other. 

What  is  the  area  of  a  reftangular  field  "whofe  length 
is  249(S  links,  and  breadth  1689  links  of  the  Scots  chain  ? 

2496  X  i689;=4ai5744  fquare  links. 

Jc.    R.    F    Ei 

-A-w  42.15744  ;  jin/l  42     o     25^   6 

4  ^ 

Roods-   0.62976"         * 

40 


Ftal/s    25  1904O 

36 

>■■■■■■■  I* 
114240 
57120 


M/s      6.85440 


ExAjII.- 
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ExAV.  2.  What  is  the  area  of  a  redangolar  ficldv 
whofe  length  'S  2798  links,  and  breadth  1894  links  oS 
the  EngliQi  chaia  ? 

2798  X  1894  =r  5299412  fqnare  links. 

jltpres  52.99412  -rf^  5^     3     39      *^ 

4 


J&70/£r  3.97648' 
40 


P(?///  39-05920 

3©i 


177600 
1480 


J^^r^j      1.79080 

''  3.  How  many  acres  are  there  in  a  fquare  field  wbofe 
Ide  is  1976  links  of  the  Scots  furveying  chain  ?. 
jift/.  39  acres  7  falls. 

4.  How  many  acres  are  there  in  a  fquare  field  whole 
ildeis  2675  Hnk*5  of  the  Englifti  chain  h 

j^nf.  7 1  acres,  2  roods,  9  poks. 

5.  What  is  the  area  of  a  rectangular  field,  the  length 
being  1868  links,  and  the  breadth   1496  links  of  the 

Scots  chain  ? 

Anf  27  acres,  3  roods,  31  falls^ 

6.  What  is  the  area  of  a  rcftangular  fi€ld,-it8  length 
2867  links,  and  its  breadth  1984  links  of  the  Englifh 
chain  ? 

Anf.  5  6  acres,  3  roods,  2 1  polcs.r 

7,  How 
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7:  How  many  EnglMh  acres  are  there  in  a  reftangnlar 
field,  its  leogtfebdttg  2468  lioM,  and  breadth  1426  links 
of  the  Scots  chain  ? 
.  Anf.  35  acres,  30  poJes,  ap  yards. 
iS-'.How  many  wree  are  there  la  a  fquarcmUe? 
^/i/I  640  acres. 
,  \    For  ^o  chains,  pr  8o<?0  links  is  a  mile,  and  the  fquarc 
of  8000,  is  64000000  fquare  links,  which  is  64P  acres. 
.^  The-  EngU/h  acre  is  to  the  Scots  acre  as   1089  to 
1369;  or  1369  EngUih  acres  are  equal  to   14^89  Scots 

.acres.'. 

.    I.  To  reduce. Scots  load  meafiire  to  Englilh,  and  the 
contrary. 

Bccaufe  the  Englifti  chain  is  66  feet,  and  the  Scots 
^4-5  as  6(i  is  to  74,  fi>is  any  number  of  Scots  links  to  the 
mitnber  of  Englifii  links^  in^he  fame  UneorJength  ;  and, 
as  74  is  to  j66,  lp4s  any  :nufiiber  of  Englifli  links  to  the 
^ombser  of  Scots  links,  iii  the  fame  line- 

£^AM.  I.  How  many  links  of  the  Englifti  chaiq  afc 
^equal  to  2496»lifik8  of  the  Scots  chain? 
• '  '66.:  74: :  2496: 2798  the  anfwer, 

2.  How  many  jinks,  of  the  Scots  chain  arc  ^qual  to 
J  894  liak&tof  the  Englifli  chain  ? 

74 : 6(^  :  1 894  '.1689  the  anfwer. 

3.  To  reduce  Scots  acres  to  Englifli  acres ;  as  10894s 
to  1369,  fo  is  any  number  of  Scots  acres  to  their  equiva- 

JentEogUfh  acres  ;..andi  as  136945  to  10J89,  fo  is  any 
.jiumber  of  Engliflj^iicres  to  their  equivalent  Scots  acres. 
Exam.  i.  Reduce  42.15.744  Scots  acres  to  £pglifl;i 

jicres. 

-1089: 1369:  :42.i5744:5l.9968i  the  anfwer  j 

/    XiXi  52  acres,  3  roods,  39  poles,  &c. 

S  2  a*  Reduce 
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1 2.  Ueduce  5  oo.  fingltfii  acres  to  Scots  acres* 

1369: 1089:  ^500:397.73559  the  aofwer; 
'  or,  397  acres,  2  roods,  37  falls,  25  dU>  nearly; 

3.  To  reduce  lineal  links  of  tbefkots  cfcain  to  feet* 
As  1 00  is  to  74,  ibis^oy  number  of  Uiiks  to  the  feet 
equal  to  thetn. 

And  to  reduce  lirtks  of  the  Eoglifh  chaio  to  feet^  as 
IOC  is  to  66^  fo  is  any  number  of  links  to  the  feet. 

Lineal  feet  may  be  reduced  to  links  of  either  Jdnd^  by 
Inverting  the  proportions. 

4.  To  reduce  fquare  fe^t  to  fquare  links,  Scots  meafirrc, 
2500  fquare  links  are  equal  to    1369  fquare  feet; 

therefore,  as  1 369  is  to  2500,  fo  is  any  number  of  Iqtiarc 
feet  to  fquare  links. 

In  Englifh  meafufe,  2500  fquare  links  are  equal  to 

r 

1089  fquare  feet;  therefore,  *  as  1089  ^^  ^^  ^S^Oj   fo  ** 
any  number  of  fquare  feet  to  the  fquare  links, 

5.  When  the  dimenfions  of  a  field  are  taken  in  frtt, 
and  the  area  computed  in  fquare  feet  (  to  reduce  thdkn  to 
Scots  acres.  Divide  the  Iquare  feet  by  9.50694^  or  by 
9.5,  the  quotient  is 'fquare  ells;  divide  the  ells' by  36,  the 

•quotient  is'-falls;  divide  the  falls  by '401 'the  <)UotieIit  is 
roods;  and  divide  the  roods  by 4,  the quotieDtis  Acrei* 

6.  To  reduce  fquare  feet  to  Englifti  acres.  Divide 
«ithem  by  9,  30^,  40,  and  4,   the  quotients  are  fquare 

yards,  poles,  roods,  and  acres* 

Exam.  What  is  the  area  of  a  rcftangrfar  fpace  of 
;5round,  whofe  length  is  596  feet,  ajld  breadth  156  feet, 
*ja  ^cots4iad  Engtlfti  acres  ?. 
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2.  if  6W  many  8co£^  4if€r)e^  at%  tlMfr«  tii^  )^tiire  €eld^ 

Jnf.  9  acres,  r  r6dd,''t8  falb,  35  etki-  ^  : « 

3.  How  toStiy  JShgltfli  acres  are  thtri' W  a  Iquarc 
'fidd,  its  fide  beiDg  •596^61-?    '  '  '        ';'*  '  '['      ' 

Anf.  8  acres,  24  poles;  •*  •  "*      '      '  -  -^ 

4.  What  is  the  area  of  a  reftangular  field,  i/s  Jength 
being  598  feet,  and  breads  38$  f«€t,  in  Seets  and  £ng- 
Tifli  acres  ?  .  v         : 

Anf.  4  acres,  34  falls,  33  ells,  Scots  5  and 

5  acres,  1  rood,  7  poles,  25  yards,  Englifb. 

5.  Itts  required  to  find  the-area  of  a  teft angular  field 
in  Scots  ao:^  I  iis  kngthr  i>eiog  374  ^Us^  and  breadth 
275  ells  ?  _     .  .   *        ' 

Anf,  1 7  acres,  3  roods,  t6  fells,  34  ells. 

6.  Fig.  57.  What  Is  tlie  area  of  a  field  in  form  »f  aa 
oblique  angled  parallclpgranci,  whofe  longeft  fide  is  23^8 
iioks,  aod  the  jper{;«Qdiculai:  falling  from  the  oppofite 


t^t  I^ENSX;  RATION 

-angle  upon  that  fiid<s  164^  litiksot^tSoM  chain ;  the 
acate  angle  of  the  p^raHdogram  being  63?  30'  I 

Anf.  39  acres,  o  roods,  3  fails,  33  ells* 

7«  ^ig  3'*  What  is  the  area  of  a  trjangular  field, 
^vhofe  ba{els_289,6  links,  and  the^rpendicular  falling 
upon  k.from  the  oppofite  angle'  1896  links  of  the  £ngli(h 
chain  ?     See  the  rule,  p.  1 1 7. 

Anf-  27  acres,  i  rood,  3i  poles. 

8.  What  is  the  area  of  a  triangular  %xMi  whole  bale  is 
1768  llilks,  ^'nd  the  perpendicular  diftant  795  Imks  from 
the  neareft  extremity  of  the  bale,  is  1^74  links  of  the 
Englifti  chain  ?  . ... « 

Anf.  14  aci-es,  3  roods,  7.  poles. 
'  9.  Whilt  }$  fbe^^rpa  0f  a  triai^ular  fieldj  whpie  three 
iides  are  .2464,  1968,  and  1764  links  of  the  Scots  chaia  I 

Anf.  17  acr-6S»  33  falls..    See  page  1 18. 

K>.  A  facm  of  a  triangular  form^  has  its  three  iides 
2t  miles,  3  miles,  and  i^  miles  \  how  many  acres  does,  it 
contain  ?      Anf.  1 197^  acres,  nearly. 
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3.5  X  2  X  r5=3-5,  Extraft  the  fqoarc  root, 

then  V3. 5=1^1. 870826  ft|uare^miles 
multiply  by  640 

74833040 
I 1224956 

M^  Tfac 
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yt.  The  kingdom  o££n^Mid,.afid  the  prtotipaCQr  ^ 
Wales  together^  are  of  a  triangular  fomiy  the  fottth  coaft> 
being  the  bafe,  and  the  north  point  of  Northomber}atu& 
the  verteK  of  the  triapgle  i  Now,  fuppofing  the  length 
from  North  to  South  is  360  mtlesi  an4  the  breadth  ffofi^ 
£aft  H>  Weft  is^  30a  miles :  How  many  acrea  ace  IBX.  tba 
whole  ? 

Length    360  miles^ 
Moldpl;  by  T  the  bafe    150 

area  54000  fquare  miles 
640 


2160000 
324000 


jfft/l  34,560,000  acres. 

T2.  Fig.  58.  What  is  the  area  of  the  quadrilateral 
ffeld  ABCD,  whofe  diagonal  80=3096  links,  the  fide 
AB=i976  links,  BC=  176^)  links,  CD= 20.16  links,  and 
DA  =  234o  links  2 

j^nf.  39  acres,  3  roods,  5  falls.     »See  p.  120^. 

13.  What  is  the  area  of  a  field  of  five  fides,  {Fig.  59.) 
the  fide  AB  being.  1.740,  BC=  i5oo,,CD=  1520,  DE= 
14801  and  EA=  1600  links ;  alfa  the  diagonal- AC = 
2460,  and  AD  =  2200  links  ? 

jfnf.  41.23654  fquare  links,. or  41  acres  37  poles. 

14  To  meafure  a  polygonous  field,  fuch  as  ABQDZVp 
J)y  the  chain.     Fig.  62. 

Having  walked  over  and  taken  a.  view  of  the  field* 
draw  a  nandom,.  or  eye-draught  of  it,  in  which  draw  pra- 
per  diagonals, 

Meafure  all. the. fides  and  diagonals  witJi  the  chain, 
and  the  whole  field  is  divided  into  triangles  j  in  each  of 

which 


#htc1v  att  dte  fidetf  :fre  knowfi  ficfttt^  whcfice  the&  ^utas^z 
may  be  fodiid)  and  confe^tiently  the  area  of  the  whole 
Aeld. 

Exam/ Let  ABas2i75,  BC±i  1925,  CDtr  1375,  '^^=^ 
1675,  EP2ri575,  FA=i725j  AC:t37i5,  FG:;4o85,- 
and  PD=:^3025  liisl^i^the  Scfots  chain  $  what  is  the  areas 
of  the  field  ?      An/.  6f  acres,  i  rood,  37  falls. 

« 

8.  Txy  furvey  a  field,  hy  meafortog  erety  aog^e  and  ' 
fide.    Fig.  63* 

Begin  at  fome  (Totlvcnrent  angle,  which  call  your  firft- 
ilatioo,  and  mark  it  in  your  field-book  thus,  o'. 

Having  chofen  your  firft  fiatioui  place  poles  in  proper 
places,  and  meafure  the  angle  at  this  ftation  ;  which  write 
in  your  field-book  below  the  former  charafter. 

When  you  begin  to  meafure  the  fides  with  the  chain, 
proceed  with  yoar  left  hand  to  the  dyke,  or  boundary  of 
the  field  ;  and,  if  the  llnef  which  you  meafure  does  not 
coincide  with  the  fide  of  the  field,  youmuft  meafure  the 
diftance  between  them  at  proper  places  ;  thefe  diftances 
are  called  offsets^  and  muft  be  entered  in  your  field-book ;  . 
and  over  againft  them,  in  the  proper  column,  write  down 
the  diilances  from  the  beginning  of  the  line  you  are  then 
meafuring. 

In  the  fame  manner,   meafure  every  angle  and  fide,  . 
until  you  have  gone  round  the  whole  field,   and  are  ar- 
rived at  your  firft'ftation. 

To  know  if  the  angles  have  been  meafnred  truly.  Fronr^' 

twice  the  number  of  fides  of  the  field,  fubtraft'4,  and  - 

multiply  90"^  by  the  remainder.  Add  together  the  angles  -^ 

of  the  field,  as  they  (land  in  your  field-book  ;  and,  if  the  - 

ftm  be  equal  to  :he  produft,  they  have  been  truly  mea-^- 

furcd. 

If 
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If  there  be  any  confiderabk  (fiSereoce^  focli  as  a  degree 
or  more,  it  mi^d  be  correfted  by  meaforiog  the  angles 
agaia.. 
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i4tf  MEl^SUR  ATIO-N. 

"  ^O'Jraio  a  Plan  of  the  Field  en  P'aper.  •  Fig.  6^7 

1.  Draw  the  right  line  EAB.    Set  95  links  from  E'tOs* 
A,  and  make  the  angle  BAC=84**  50'. 

Having  raifed  a  perpendicular  at  the  point  A,  on  it. 
fctthe  offset  szl'mkt* from  A  to '^;.  then  fkt  460  links- 
from  £  to  / ;  and  becaufe  you  find  o  Qffset  in  the  field- 
book,  the  Yxttt  £B  coiocides^  with,  the  boundary  of  the- 
field  from  that  place ;  fet  L090  KnksJrom  £  to  B« 

2.  At  B  make  tbeangfe  Afl|)=85°  15',  and  fet.  1339 
links  froav-B  to  D.. 

3.  At  D  make  the  angle  BaC=68*  55'.     Set  the 
feveral  numbers  of  lintes'  ibund  in  your  field-book,  be? 
tween  o'  and  o*,.  from  the  point  D  on  the  line  DC  j; 
and  from  the.  points  /,  «,  m%  raife  perpendiculars,,  oo^ 
which  fet  the  of][sers  as  they  ftand  in  your  field-book;:, 
and  fee  14;  links  from  C! to  jf. 

■ 

4.  Set  the  feveral  numbers  of  links  in  the  field-book 

between  o^  and  q^  from  G  towards  A;  and  at  the 

i. .      •  ♦ 

points  r  and  i^  ttaife  p^pendiculars,  on-which  fet  the  off^ 
fets-2oo  and  232  links.     The  extremities  of  the  o^ets 
being  every  where  joined|  wiltgive  the  outlines,  or  boon*^ 
daries  of  the.  fields 

7o  Jtnd  the\area  of  the  Field* 

Join  AD 5  and  in  thetrian^  ABD,  there i3given>thie* 
fide  AB=:995  links,  the  fide 80=1339  links,  with*  the 
angle  ABD=*5''  15';  and,  by  the  third  cafe  of  oblique 
triangles,  the  fide  AD  will  be  1^00  links.    Then,   ia- 
eacKof  the  triangles  ABD  and  ADC,  all  thexfides  are: 
known:;  andib.  their  areas  may  be  found. 

Eoir 
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For  the  areas  of  the*  pans  where  the  offsets  weFC  u- 
Icen.  Multiply  Df  by  half  of  m^  the  prodmfl:  h  Ae  area 
of  the  triangles  D)ft.  In  fil^e  toaniier,  find  the  areas-of 
the  other  triafJgle«/C^,-i%f-,  »iK>,  EKA,  aid.  Ati-;  .aod 
in  the  quayrtlateral  figure  bnfi  miiltiply  the  half  fern  erf 
.  thfe  offsets  #>&  «fld  ^'by  rs*  The  fonj  of  the  arcas^^f  all 
thefe  different  fKftts  !» the  ar4a<Qf  ^he  field,  -which  is  near 
#ii'a<:res  jr^-ootjii'*  :.     '     •').-»' 

Note  irf^ln  furveytnga  quadrilateral  field,  it  i§  not'»e- 
ceffary  to  meafufc^ail  the  angles.'  'If  one  angle  and  'the 
Jbur  Sd^s  al-e'lckown,  the  diagfonal'ttln  be  eilculatcd, 
and  from  thence  the  area. 

2.  Althongh  a  field  has  more  than  four  fides,  "the 
greateft  part  of  it  may^  "by.  taking  "proper  Nation's,  be 
brought  within  four  ftraight  lines^;  and  the  reft  meafured 
\y  taking  offsets.     Henec,  • 

The  meafuri^g  of  alt  the  apgles  of  a  'field,  although 
much  praflifed,  and  generally  propofed  by  writers  on  this 
fubjeft,  IS  xiQt  neceilary  in  forveying,  except  la  cafes 
where  fooie  of  the  fides  are  inacceilSble. 

When  a  fbur-fided  field  has  two  of  its  angles  at  the 
extremity  of  any  fide,  equal  to  two  right  angles,  but 
the  other  fides  unequal,  as  in  Ft^.  57.ihe  area  may  be 
found  thus:       ' 

Having  meafiired  the  fides,  muTtiply  the  Tialf  fnm  of 
Ihetwo^ parallel  fides  by  the  breadth  of  the  'field,'  the  . 

AF  4-  Be 

produft  is  the  area ;  that  is, ..JL — .  x  ABsSthe  area* 

p.iTo  fijrvey  any  fmaU. field,  by  mcafiiring. diagonals, 
and  the  perpendicular  falling  from  the  oppofite  angles  on 
them*    Ffg:  59. 

^2      '  Hating 


:  i4«  ME  N  S  ir:R  A  T I  OK 

Ha^iog  made  cIkhcc  of  the  moik  proper  (Sagooakf 
fnch  as  AC  aad  AD>  mcafore  the  diagonal  AC*  begin* 
cing  at  the  point  A ;  andy  when  yon  come  to  the  point 
if  meafore  the  perpendietilaF  tB^i  aUo^  when  yoa  come 
to  the  pcNQt^y  liieafiire  the  perpendicalar^P»  marking 
in  yotnr  field*ho6k^  or  o&  an  eye-drangbt  of  the  6eld,  the 
lengths  of  Ahn^hR^  ^^  gO»  In  like  manner,  meafore 
A'O ;  and,  when  you  come  to  the  point^  meafiiireyEj 
marking  do\(rn  their  lengths  as  before. 

To  find  the  area  of  the  field,  mnltiplj  AC  by  the  half 
fum  of  £B  and^D ;  alfojnultiply  AD  byhalf  of  £/",  and 
the  fum  of  thele  produAs  is  the  area. 

In  the  fame  manner,  a  Iteld  of  four,  or  any  number  of 
ijdesy  wherem  the  ground  is  not  incumbered  with  great 
afcents  or  delcents,^may  be  accurately  meafured. 

The  points  £,  gi  andy^  where  the  perpendiculars  meet 
*  the  diagonals^  are  to  be  found  by  trials  \  or,  more  accu- 
rately, by  a  crofs,  which  is  a  iquare  board,  whereon 
fights  are  placed  at  the  extremities  of  two  right  lines 
cutting  each  other  at  right  angles.  This  being  fixed  on 
a  ilaffftuck  in  the  ground,  at  the  place  where  the  per- 
pendicular is  fuppofed  to  meet  the  diagonai,  by  looking 
through  one  pair  of  fights  in  the  direflion  of  the  diago<- 
nal,  the  other  pair  will  be  in  a  line  perpendicular  to  it. 
When  this  line  I'alls  on  the  angle,  the  fiation  is  right ; 
but,  if  not,  by  moving  the  crofs  backward  or  forward, 
the  point  where  the  perpendicular  falling  from  any  angle 
^n  the  diagonal  may  be  accurately  found. 

This  method  of  meafuring  fields  is  both  accurate  and 
'.  eafy,  and' therefore,  preferable  to  any  other,  when  it  caa 
ibe  fipplied,        » 

10*  Whea 


or  ;StrR.F,ACEfc  C4) 

Io«  Wlkia.twp  .fides  of  a  tnangokcrifidcl,  AB  aad 
'^'AC  can  be  meafurcd^  bat  the  tfakd  fide  ^BC  is  itawrdef- 
"  fible  s  to  find  die4eagth  «£  that  fide)  antl  the  <  area  of  the 
field.    Fig.  70.  - 

Meafufe  AB  and  AC,  smd  cake  ADdod  AEIq  the 
iasie  <jgjl|t  iiaes  f^txidqced  $  To  that  AD  be  to  AE,  a^  AS 
to  AC,  «a^  maafilc«  £D  ^'iAcn^  betake  the.t<vo  triai^ftes 
ADE  ao^  ASC  are  fimtbr^  :a$  AD  :  £>£  ::  AB  :  BC. 
Aad  the  three  fides  bqkiglmQlNx^.tlac  ^rreaof  the  tmog^e 
msgr  be-femod* 

» 

.  By  this  iBeibddf  tiic<liagoiial«f  aityfeur-Cdedfield 
may  be  found,  without  nieafuring  k.    > 

Nifte*^  bk'  order  to.  have  AB  a&d  A£  in  jtift.propor* 
tion  to  AB  aad.ACj  tsd^^  AI>  equal  to ibme^art'ot  AB^ 
ibch  SLS^i^  ji,  or  VWt  ^^  ^^^^  AK  the  fame  part  of  AC; 

II.  To  find  the  perpendicular  arid  area  of  a  triangu* 
hr  field,  by  meafudng  ooiy 'that  fude  of  it  *o&  wtach  th6. 
perpendicular  falls.    Fig.  64. 

Let  ABC  repri^feat  a  triangular'  fields  and  oiily  Jts  fide' 
AC  acceiEble  i  it  is  required  to:  fiad  tb^  .perpeDdk^lar 
BD,  and  the  area  of  the  field.  i     .  • 

Meafare  CA,  and  mark  the^x^nt  D,  where  ^he;per« 
pendicular  meets  it ;  then  uke  A;F  Ui  th»  r4|l>^line  ^A 
produced,  of  any  kngtbt  and  make  the  triglu^Qgi^  AP)« 
Meaiure  along  the  linei  FE^  an^U  you  fipd  the:p<jf|nt  £.ia 
the  fame .  right  line  with  A  and  ^.  Then  the  tr;attg}es 
AF,E  and  ABD  being  fimilar,  as  AF:FE:  ;.M^D»  the 
perj^endicukr }  which ;  being ;  multipiied-by  baif  pf  AC, 
the. product  is  the  area,  of  the  "^riaogle  ABC.  *  ' 
.  By  this  method^  the  perpcadicular  BD,  whether  it  be 
4bat  of ,  ^  triangular  ficld|  or  k  diftaacc  ^£  >ny  moderate 

magnitude, 


JSO  MENSURATION 

nagHitodet  not  exceedkig  2  or  3  milesi  may  be  accnrate* 
ly  tnveftigated  by  the  itirveying  ch^n. 

It.  To  furvey  a  triangular  field,, one  of  whofe  fides  b 
inacceffihie. 

Let  ABC,  Fig.  64.  reprefent  a  triaogtdar  field,  whole 
fide  BC  is  inacceflible ;  meafure  the  two  fides  AB=r769 
Iifiks»  and  AC=:i  178  links,  and^e  angle  BACs37°  45', 
Then,  (uppofing  a-  perpendicular  to  fall  from  B  upon 
AC,  as  H  :  Sine  A  : :  AB  :  the  perpendicular.  Multiply 
AC  by  half  of  the  perpendicular,  the  produft  is  the  area 
of  the  field  :  whicfar,  in  this  exam(de,  Is  2.77243,  or  2 
acres,  3  roods,  3  fails- 

Otherwiie.    Raving  meafured  the  two  fides  AB  and 
AC,  with  the  contained  angle  B  AC,  work  thus : 
As  radins  i6<oooooo# 

Is  to  the  fine  of  BAC  37°  45  .  .  9.7869056 

SoisthcproduaofABaadAC     [^J^  >8859^63 

To  twice  the  area  of  the  triangle  554596  5.7439772 
the  half  of  which  is  277298  fquare  links,  the  area  of 
the  triangle. 

The  following  problem  may  be  wrought  by  this  rtfle. 

t'3.  To  fiirvey  a  field,  by  taking  a  ftation  within  it, 
from  whence  all  its  angles  can  be  ften,  and  the  lines 
drawn  from  the  fiatioti  to  the  angles  meainred. 

Ldt  ABCDE,  Fig.  6^5.  reprefent  the  field  to  be  fur- 
Teycd.*  Chufe  feme  convenient  fixation,  as  at  O,  frotti 
whence  you  can  fee  all  the  angles  t)f  the  field  ;  place 
poles  in  A^  B,  C,  D,  E,  and  meafure'  all  the  angles^ 
AOB,  BOO,  &c.  at  the  point  O  ;  and  meafure  all  the 
lines  AO,  OB,  OC,  OD,  OE  j  tlKn  the. field  is  divided 

into 


^ 
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iaco  as  maoy  tris^gles  as  it  bath  fides ;  in  each  ofrwhith^ 
two  fides  ^ith  (bc»  coataioed  aogle'ariB  given,  to  find  the' 
area,  which  may  be  done  by  the  kft  problem;  and  the 
film  of.alLthcfe  is  the  acea.*  of  the  fiekl«> 

E;tAM.  Let  the  angle  AOB==78%   BfOC=62*  yo'j 
COD=79''  20',  DOE:=:77''  30^,    aftd'EOAi=62°  20' r 
aifo,  let  AX)&r5ao-K5fcs,  80=580,  CO=42o,  DO=395, 
and  £0=512  links  s^  what  is  the  area  of  the  fields 
ABCDE2      •    :  '     : 

^12/  5  acres,  3  roods,  1 5  falls. 

Note  I  •  The  flatioa  may  be  taken  any  where,,  as  at  one 
•f  the  angles,  if  all  the  other  angles  of  the  ^eld  can  be 
feen  front  thence. 

2.  A  field  may  aUb  befiirveyed  froox  two  ftatbns  f 
but  this  method  is  feldom  pra^ifed.. 

14.  When  the  boundary  of  a  fiield  is  an  irregular 
curve  line,  Fig..  66.  the  fpace  between  it  and  the  flatioa- 
line  AB  mufi  be  ineafured,  by  taking  the  offsets  be,  de^ 
and  fg.  To  find  the  area  of  the  fpace  AB^^C,  multiply 
A*  bfhalfoflC,  and  B/'by  h^Xioffgy  the  produftff  are 
the  areas  of  the  triangles  A^C,  V^fg  \  then,  \f  bd=df^  add 
^C,  de^  and  fg  i,  take  a^  third  part  of  the  fum,  and  pidtiply 
it  by  bf^  the  produ£l  is  the  area  of  ^4^^  ^  to  which  addc 
the., areas  of  the  two  triangles  AiC,  J^,  the  fum  i^  the 
area  of  the  fpace  AB^f C  If  bd  be  not  equal  to  df^  com-- 
pute  the  areaa  of  Cd  and.^.  feparately* 

15K  Toi  reduce  Scots  or  Eoglifli  acres  to  fijuare  links  5 
multiply  them  by  1 00000. 
Exam,  Redu(;e  28. acres  tQ  Iquare  linksv 
Jif\f  zSooooo. 


isjs  M  E  » ar  U>E  A  T I  o  » 

Wbta  acrtsv  and  pants,  of  an  acre  are  M  be  ttdoctd 
to  fqtaie  links  v  reduce  tfae  povts  W  ^^mafc  of  »>  acre, 
Write  d0^vft.tlle  acrea  oa  the  fcfie  hand  of  the  d«etinal6> 
and  multiply  the  w&)k:  b]ft hcbqoqo^  wl»di  is  done  hy 
removicfg  tkt^^  decimai  pctet)  five  places.  tqwac4  tlie  rig^ 
hand }  the  prodofb  is  fquare  HaHs* 

£xau»  I-  Reduce  32.  aci^^  3  9Qod^  19  £aUs9  and 
3peUsy  to  fqjiare  ]ink$*> 

3^)30.00000  jinJL  3^87395»    -. 

40)19.83333  . 


m9m    ■  mt<m 


328739s-  , 

*2.  TReduce  40  acres,^  2  roods,  23  poles,  Ehglifemca*? 

fare,  to  fqaare  lioka? 

^.  4054375. 


Gp    LAYING;  OUT    GttO'lTND; 

i{.  To  find  the  fide  of  a  fquare  field,  Ayhkh  fhall  con- 
tain any  girca  quantity  of  land  ^reduce  the  given  qoantity 
ta  fquare  links  5  the  fquare  root  of  thefc  is  the  fide  of  the 
fquare  required- 

Exam.  I.  Wha^is  the  length  of  the  fide  ofa  fqnarc  - 
fWd,  which  fliall  contain  3a  acres  ?        jis^/.  iy^^». 
30  acres=3oooooo  fquare  links* 
And  the  Iqi^re  roor-of  30^0000  is  1732. 

a.- What. 


J 


I 


O  F    S  U  R  F  A  C  E  S-  153 

2.  What  is  the  length  of  the  fide  of  a  fquare  field  that 
fhall  contain  27  acresj  i  rood^  19  falls  ? 
'  Anf.  1654  links. 

2.  One  fide  of  9  reftangalar  field,  and  the  qnantlty 
of  land  it  mail'  contain- being  given  \  to  find  the  other 
fide. 

Redace  the  given  quantity  of  land  to  (quare  links,  and 
dividethem  by  the  ^ven  fide,,  the  quotient  is  the  other 
fide. 

Exam.  Ft  is  required  to  lay  out  29  acres,  3  roods  of 
land,  in  form  of  a  right  angled  parallelogram,  one  of 
whole  fides  is  1128  links  }>  what  is  the  length  of  the 
other  fide  ?     Anf.  2637. 

,2.  It  is  required  to  lay  out  31  acres,  2  roods,  15  falls 
of  ground,  in  form  of  an  oblique  angled  parallelogram, 
"whofe  acute-  angle  is  5;°,  one  of  jts  fides  being  1672- 
links  ;  required  the  perpendicular  falling  from  the  oppo^- 
fite  angle  upon  that  fide  ? 

Anf^  1889  links ;  found  as  in  thie  laft  example. 

3.  To  lay  out  any  quantity  of  land  in  form  of  a  tri-- 
angle ';  its  bafe  being  given.  '      , 

Divide  the  fquare  links  in  the  given  area  by  one  half 
of  the  bafe}  the  quotient  is  the  perpendicular. 

Exam.  It  is  required  to  lay  out  31  acres,  2  roods  of- 
land,  in  form  of  a  triangle,  whofe  bafe  is  x  726  links,  and 
the  acute  angle  at  the  bafe  5 1«  20' ;  reijutrcd  theperpen-- 
dicular  ?  Anf^  3^5<>- 

2.  To  lay  out  one  acre  of  land  in  an  equilateral  tri-- 
aogle ;  it  is  required  to  find  the  leflrgth  of  its  fide  ? 
Anf^  480.56  links. 

U  Fot. 
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Vuta  =:  100,000  fqaareliaksy  the^areaof  the  triaogfef.^ 
M  =  the  length  of  the  fide ;  then  the  triangle  being,  equlr- 
lateral^  the  fom  of  its  fides  is  3  x,  and  the  half  firm  = 

^'-,  from  which  fobtraAing  each  lide»  the  three  remaki- 

dcrs  are  —  ,   — ,   — ,   therefore  ^-  X  —  X  —  X  — = 
222  2.       2.        2       2.  - 

51-  the  fquare  of  the  gtven  arcai 

9  V  ^ 

- — =  /I*  or  3X*  =  i6tf  *,  and  by  extrading  the  fqpare^ 

joot  of  both  fides  a?*x  v^3  =  4Wi    - 

A  a       4'oooco: 

flf*=:--l-  =  ^i =  230940.21*  . 

V3       "•7?2a5 

^  =  '^^^30940.21      =  480-5^  1'*^^  ^he  fide. 

Hence,  Having  the  area  of  an  equilateral  triangle  given,. 
to  find  the  length  of  its  fide.     Multiply  the  gFven  area, 
by  4 ;  divide  the  produft  by  the  fquaire  root  of  3«  = 
1.7320508,  and  the  fquare  root  of  the  quotient  is  the. 
length  of  ih^  fide,  of  the  triangle. 

Exam'  It  is  required  to  find  the  fide  of  an  equilateral: 
^triangle,  whofe  area  fiiall'  be  one  Iquare  mile,  or  64a? 
^cres  of  land  ? '    Anfj  1 2 15 7.3  7  links. 

Given  area  =  64000000  fquare  links 

4 

1.73205;)        256000000(147801737.82 

aBd  the  fquare  root  of  147801737.82  is  12157.37  links*. 

Note*  FoK  the  atigles  oC  the  polygons  mentioned' ia^ 

the  following  proWcms,  5^r  page  13. 

4*  The  area  of  a*  regular  pantagon  being  given,  to 

Sad  its  fide.    Plate  i  .Jig*  2  U 
.* 

£xaffu 


■f  i 
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Exam*  Let  the  area  of  the  pentagon  i=  3^1  fqaarc 

Yeet,  what  is  the  length  of  its  fide  AB  ?     Anf*  45*74  feet. 

The  angle  of  the  pentagon  FAB  is  'ifc8%  its  half 

CAG=54^ 

Put  11=3601,  J=the  tang,  of  54^=1.37631819.  i(?=AB. 

In  the  triabgfe  CAG  :  As  rad.  :  taa.  CAG : :  AG:  GC ; 

that  is,  as  i  :  i. 3763819=^ : ;  ~  :  ,~=CG=theper- 
pendicular. 

5  x=fthe.  fnm  of  tlie  fides,  and  — = the  half  fun 

thcn^X—zza  or"^ =tf 

2      2  .4  ' 

^^x*=4a 

^»=^:=i^^P^'=2092.*8i3 
5^      6.88x90         ^  ^ 

•Aod'the  fquare  root  of  2092.8813  is  45^74  feet,  the 
fide  of  the  pentagon. 

5.  The  area  of  a  regular  hexagon  being  givsen,  to  fin4 
its  fide  ? 

Exam.  Let  the  area  of  the  hexagon  /i=  100000  fquare 
feet ;  required  the  length  of  it«  fide.? 

jinf.  196.J88  feet. 

Let  fall  a  perpendicular  frpm  the  ccatre  upon  one  of 
^Its  fides ;  the  angle  of  ia  hexagon  is  120°  its  half  is  60% 
nhe  tangent  of  60°  is  1.73205=*.    Put  jcsrthe  fide. 

y  Ay* 

as  I :  J : :  —  :  r^=the  perpendicular. 

hx 

The  half  fum  of  the  fides  is  3^,  ^hen  3ArX— =* 

3^*'*  J      *     2^  200000_^o -^^  ^ni-Q 

2  33      5-19615 

^flxcn  a:  =  ^38490.0358=196.188  feet. 

^  -a  *•  The 
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6.  The  area  of  a  regular  heptagoa  beiag  giveiii    tm 
fiad  the  length  of  its  fide. 

Exam.  Let  the  area  of  a  heptagoQ  be  ioOfOoo  iquare 
yards  :  What  is  the  length  of  its  fidei 

jI»/.  165.894  yards. 

Half  the  angle  of  the  heptagoa  is  64^  i  f^  of  vhich 
the  tangent  is  2.0763^215==^,  ^=100000  and  x:=the 
iide* 

as  i:^: :—  ;  — =the  perpendicular 


2        2  7~ 


.==» 


-and  Jtf  =  y.^  =  V— =165.804  yards. 

7^  14-534*5       ^   .^    "^ 

7-  The  area  of  a  regular  oftagon  being  given,  to  find 
the  length  of  its  fide. 

Half  the  angle  of  an  oftagon  is  6f  30',  whofe  tan- 
gent is  2.4142136  =3,  the  given  area=:tf,  and  xzs  the 
-lide. 

Half  the  fum  of  the  fides  of  an  oftagon  is  4X  , 

hx 


Then  4JC  X  — =  2  ix*  =:^,  and  x^  =-^ 


or  X  =  V 


2h 


EsAM.  It  is  required  to  layout  4  acres  of  land  in  aa 
oftagon  :  What  mufl:  be  the  length  of  its  fide? 
^n/.  2^  824  links. 

In  this  example /i=40000ofquare  links.  2^=4.828427* 
j_  400000 


rr— rr 


287.824  links,  the  fide. 

8.  The 
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18.  The  area  of  a  regular  aooagonbe'mg  g&vsa»  to  find 
^ .  kagth  of  its  ddc. 
A[  =  the  fide  of  the  nonagon. 

Half  the  angle  of  a  nonagon  is  70%  of  whkh  the  tan- 

QX 

^eat  is  2. 7474774=^^.  Ihe  half  &»  of  the  fides  is  ^^, 


2 
ix 


and  the  perpcndictilar  falliog  from  the  centre  is  — 

22         4     .  9^*  9^« 

Exam.  The  area  of  a  nonagon  is  10,000  f<jnarc  feet, 
*what  is  the  length  of  its  fide  ?  '        ^  . 

Anf.  40.214  fcet. 
/r=  10,000         pJ  =  24.7272966 

Then  ^^=:   ^J^i^-^r:  40.214  feet. 

9.  The  area  of  a  regular  decagon  being  given,  xq  Epd 
the  length  of  its  fide. 
The  angle  of  a  decagon  is  144°,  its  half  72%  whofe 

tangent  is  3,0776835=*.     ^-=^^^  perpendicular  as 
before.  '  The  half  fum  of  tlie  fides  is  5*. 

Exam.  The  area  of  a  decagon  is  50,000  fquare  fcet^ 
'what  is  the  length  of  its  fide?      Anf.  80.208  feet. 

d=:  50000.  5^=15.3884175. 
I 00000        '  '  ^  ^ 

^   -777MuT:7r-^^ •:3-4'o6 
^5-?S^H^75    . 

-and  ^sV  6433.4106  =  8o.2fc8« 

•10.  The  ^ea  of  an  undecagonbcing  giv^n,  to  find  the 
length  of  its 'fide/  "     =      •  '.    ^ 


t/8  ME"N sun  ACTION 

^e  afigkof  fin  uadedagoa  is  1470  i6Vr»  its  lialf 
^=  73°  38'tV  whofe  tangent  is  3405 1423  r:  B.  The  per- 

^pendicular  =:  —  and  the  hilf  fum  of  the  fides  is  ^ 

Then  —  X  —  :£= =  « 

22  A 


Exam*  The  area  of  an  iihdecagon  is  5280  iqnare 
yards,  wh^t  Is  the  length  of  it^  fide  ? 
Jnf.  23.747  yards. 
a  =52«o.     1  lb  =  37-4565653 

211 20  ' 

^hen  ?*  "^^7:^5673  =  563-8530  and  ^=^563.8530  , 

=  23.747  yards. 

1 1.  The  area  of  a  dodecagon  being  givenj  to  find  the 
length  of  its  fide. 

Let  a  2=  the  area,  x:=  the  fide  as  before.    Half  the 
angle  ofa  dodecagon  is75^whofetangentis3.73205o8:=^« 

The  perpendiculars—,  and  6a^  is  the  half  fum  of  the 
'fides. 

2       ^  3^  3* 

Exam.  Let  the  area  oF  a  dodecagon  be  360  fquare 
'yards,  what  is  the  -length  of  its  fide  ? 
jinf.  S>6f042  yards. 

xzzV  ^  ^  ^         =5-67^43 
ii.i9<$i5.24     ^    '  '*'> 

12.  To  reduce  any  quadrilateral  figure  A'BCD  to  a 
triangle.    Tig.  67. 

Join  AC  ;  through  B  draw  BE  parallel  to  AC  4  pro-* 
^ce  DC  to  £,  and  join  A£  ;  then  the  tiian^e  AEDis 
<«<)aal  to  the  givco  figure  ABCD> 

13- T» 
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rj.  To.  reduce  <iny  fire  fided  figure  ABCDE  to  » 
triangle*     Fig.  68-  . 

Jpia  AC  and  AD  i  aad  through  B  and  £  draw  BF 
and  JEG  parallels  to  AC  and  AD ;  join  AF  and  AG  ^ 
then  the  triangle  AFG  is  equal  to  the  pentagon  ABCDE. 

14.  To  diride  a  triangular  field  ABC  into  any  number, 
of  equal  partSji,  by  lines  fkzwji  fsota  one  of  its  angles^s 
fiippofe  A«    Fig'  69, 

,  Divide  the  oppofite  fide  BC  into  the  number  of  equal 
parts  required,  in  the  points^  and  /;  and  lines  drawi^ 
from  A  to  ^  and/ wtH  divide  the  field. 

If  it  were  required  to  divide  the  field  inta  two  parts^ 
having  a  given  paftio^  fuch  as  3  to  2 ;  divide  BC*  in  the 
point  I",  fo  that:  B^  is  to  ^  as  j  to  2 ;  aad  a  line  drawa^ 
froin  A  to  ^  will  divide  the  fiekj  into  the  parts,  required; 

15*  To  divide  %  triangular  field  ABC  into  tvfo  parts, 
having  a  given  ratio  to  each  pther,  fuppofe  <5  to  5,  by  a^ 
line  drawn  parallel  to  one  of  its  ildes.  AC*.    Fig.  70. 

Divide  the  area  of  the  whole,  field  into  pafts  in  the 
given  pr.oportbn^  by  the  rule  of  Fellow  (hip,,  in  common 
arithmetic,  and  determine  which  of  the  parts  mull  lie 
next  the  angle  B  ^  theui  becaiife  fimil^r  triangles  are  to 
each  othef  as  the  fquarcs  of  their  like  fides,  as  the  area 
of  the.  whole  field  is  to  tl^  area  of  the  triangle  BFD,.  fo 
is  the  fquare.  of  BC  to  the  fquare  of  BD  ;  and,,  by  ex- 
tracting the  fquare  root,.  BD  will  be  known.  Through 
D  draw  DF  parallel  to.  AC,  and  DF  divides  the  field  in- 
to  the  parts  required.. 

16.  To  divide  a  triangular  field  ABC  into  two  parts, 
having  a  given  proportion  to  each  other,  fuch  as  3  to  4, 
by  a  line  drawji  from  a  given  point  £  iu  one  of  its  fides 
BC    Fig.  71U. 

Draw 
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Draw  AE,,  and  divide  BC  in  D,  &  that  BDbc  to  DC 
as. 3  to  4.    Through  D  draw  DF  parallel  to  £A  ;  and- 
join  EFy  and  FE  will  divide  the  field  into  the  parts  re*^ 
quired. 

17.  To  divide  a  four  or  fivr  fidcd  field  into  party,  ha- 
ving any  given  proportion  to  each  other.  The  general- 
role  is.  Reduce  the  gtren' fieid  to  a  triangle;  divide  the 
triangle  into  the  parts  required,  andthe  £une  lines  will 
divide  the  field;  For  the  particnkr  ca(eS|  lee  Wilfin^s 
Trigonometry. 

In  the  reflangnlar  field    ABCD,    i?^.    72.   whofc 
length  is  36 19^  links,  and  breadth  2649  links,  there  is  a< 
well  at  E,  diftant  from  A.  2230  links^  and  from  D  1950 
links ;.  it  is  required  to  divide  the  field  into  three>  equal 
parts,  by  right  lines  drawn  from  E. 

To  folre  this  profilem  ;  defcribe  the  figure  accurate- 
ly;  find  the  point  £ ;  join  £A,  £D,  and  £B;  likewile 
through  E  draw  the  perpendiculars  M  and  iL  Meafure ' 
the  perpendiculars  £^  and  £/;  which  being  fubtra3ed 
from  the  length  and  breadth  ol  the  field,  will  leave  £/- 
and  E^. 

2d,  Multiply-  AD  by  half  of  the  perpendicular  E3,  the- 
produft  is  the  area  ^f  the  triangle  AED.-    If  this  be 
equal  to  the  third  part  of  the  field,  the  problem  will  be. . 
folved,  by  dividing  the  remaining  part  pf  the  field  into 
two  equal  parts.     But,  if  the  triangle  AED  be  lefs  than . 
the  third  pare  of  the  field,  fubtraft  it  from  the  third  part, . 
the  remainder  is  an  area  which  muft  be  added  to  thc. 
.triangle  AED. 

3d,  Divide  the  remainder  by  half  of  the  perpendiculax: 
E/  5  the  quotient  being  taken  from  the  fcale,  and  fet  from  -- 

Dto> 


W  ■     T>  ■■'V 
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B  to  F,  join  £F|  add  AEFD  i$  one  third  part  of  the 

field.  ' 

4th)  Multiply  AB  by  half  of  Ef,  thc^  produfl  is  the 
area  q4  tbe  M>iaB^  AEB  ;  If  iHis  be  kls-dioii'  ^the  ihird 
part  of  the  field,  fabtraA  it  from  the  third  part,  and  di- 
vide the  i-emainder  by  half  of  E/ ;-  the^  quoritirt  belflg 
taken  from  the  fcale^  and  fet  from  B  to  G  ;  join  EG,  and 
the'tifeld  IS  divided  into*  three  -exjual  pafcts  by  the  right 
linWEA,  EF,andJiG;..         '» 

'When  ehher  of  the  triangle^  AED  or  AEB  Is  greater 
than  the  third  part  of  the  <teld>  the  diflfefence  between  - 
the  area  of  the  triangle  and  the  third  part  of  the  field 
mail  be  divided  by  lialF  a6  the  per^emlkniar  of  that 
triangle ;  and  the  quotient  beiog  taken  from  the  fcalp^  , 
mufl  be  fcr  the-contrary  way  from  what  it  is  in  this  exr 
ample. 

In  this  manner,  any  field  of  whateyer  number  of  fides,    , 
may  be  divided  into  any  number  of  equal  pafts ;  or  parts    . 
havjk^g  <a  gi^ren  ratio  ea  erne  another^  by  fight  linies  drawn 
from  a  gw^n  poiat,,  eiiber  :WtjaUa  the  £eld»  or  kt>any  of 
itiJdes.6r  angles*  > . 
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MENSURATION,    or   SOLIDS. 

A  CUBE,  is  a  fi>^d  bodj^  bxHioded  b]^.^^ix  equal: 
fquares. 
A6  ev^ry  iup^rfifiej  is  ine3fiir.ed  by  Or  fquare,  whole 
fide  is  unity,  (as  i  inch,  i  foot,  i  .yard,  &c.)  fo  every  fo-p 
lid  is  meafured  by  a  cube,  ^vho^e  fide  is.alTo.a.ujutj  ^  a  .. 
fclid  or  cubic  inch,  foot,  yard,  &c# . 

TAni^'^  of  Solid  ori  Cubic  Meafurt^.. 

1728  Cubic  lines    =  i  Cubic  Inch-' 

J728  inches=  i*  foot. 

?7  feet     =-  I  yard. 

216  yards  =  i  rood.' 

If  the  bafe  of  a  reftangala^  foKd  ht  one  Iquare  iocb^ 
and  its  altitude;  5  inches,  the  whole  >vill  contain  5  citbid 
inches ;  but,  if  the  bafe  coafift  of  15  fc^re  Inches,,  and 
the  altitude  of  5,  the  whole  folid  will  contain  15  times 
c,  or  75  cubic  inches.     Hence, 

I.  The  rule  for  computing  the  folid  content  of  a  cube, 
parallelopipedon,  and  prifm,  is,  multiply  the  area  of  the. 
bafe  l^  the  altitude;  th*e  produft  is  the.foiid  content. 

For  the  cube  and  paralleloj^ipedon^  the  rule  n>ay  be  . 
expreffed  thus. 

Multiply  the  length  by  the  breadth,  and  the  produft  . 
by  the  thicknefs  or  height ;  the  lall  prcduft  is  the  foli-^^ 
dity. 


O  F-  S  O  L  I  D  S.  1^3 

•  EXAMPLES. 

1.  What  is  the  folid  content  of  a  cube^  whofe  Cde*is 
3  feet  9 J-  inches?  Fig-  73; 

j^n/.  54  cubic  feet,  884I  inches* 

2.  What  is  the  foridity  of  a  log  of  wood,  whofe  length 
is  17  feet  6  inches,  breadth  2  feet  3  inches,  and  thick- 
nefs  I  foot  9  inches  ?     j^n/,  68  cubic  feet,  ij66  inches- 

3.  A  cellar  was  dug,  whofe  length  was  49  feet  6 
inches,  breadth  23  feet  9  inches,  and  depth  9  feet  5 
inches ;  how  many  folid  yards  were  talcen  out  of.it  j  aad 
what  was  the  expence,  at  3d.  per  cubic  yardf 

uinf.  410  yards,  Which  corner  to  L.  5  :  2 :  '6. 

2.  Every  folid  body,  whole  oppofite  ends  -are  equal 
and  iimilar  reAlUneal  figures,  parallel  to  each  other,  and 
its  other  fides  parallelograms,  is.called^/>r^.  "Fig.  74. 

Exam.  What  is  the  folidity  of  a  triangular  prifm; 
one  fide  of  its  triangular  bafe  being  19.5  inches,  and  the 
perpendicular  falling  from  the  oppofite  angle  upoil  that 
fide  16.89  inches;  alfo  the  length  of  the  prifm  jp.^ 
inches  ? 

Aftfl  3  cubic  feet  1279.59  inches. 

Perpendicular  16.^9 
Side       19.5 

15701 
1689 


;i)329-35S 


Ttrea  of  the  bafc  =  164.6775 
^^Mttkiply  by  the  length        39.25 

■  r    ■   ■ Ft.  iiichcst 

1728)6463.591875(3       127959 

X  2  2.  What 
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2.  What  is  the  ((didity  of  a  triaogolar  prifoii  Its  ba(e 
bd.ig  an  equilateral  triaogle,  having  each  of  its  tides  xz 
inches,  and  the  length  of  the  prifin  48^  inches  ? 

j^/j/,  I  foot  1 296  inches. 
Area  of  the  bafe  =62.3538 

Then  62.3538X48.5  =  3024.1593  cubic  inches. 

Ft.  inches. 

and  1728)3024.1593(1.  1296 

3.  What  is  the  folidity  of  a  prifin  vhoie  bales  are  re- 
•gular  pentagons^  one  Gde  being  2  feet  9^  inchesj  and  the 
perpendicular  falling  from  the  center  on  that  £de  23.0^ 
inches ;  alio  the  length  of  the  piifin  6  feet  8  inches  ? 

jIh/.  89  cubic  feet  643  -ixkIics. 

2.  To  find  the  folidity  of  a  pyranwd.    Fig.  75. 

Becaufe  every  pyramid  is  the  third  part  of  a  prifitt  o£ 
the  fame  bafe  and  altitude,  multiply  the  area  of  its  bafe 
by  one  third  part  of  ita  height^  the.  product  is  the  folid 
content. 

1.  What  is  the. folid  content  of  a  triangular  pyramids 
one  fide  of  its  triangular  bafe  being  24.5  inches^  and  the 
perpendicular  falling  upon  that  fidcL2i,2i7.inclie^,i  Alia 
the  height  of  the  pyramid  35.5  inches  ? 

v^V".  3«75.s8  cubic  inched* 

.  Perpendicular.  21.217 
Side         24.5 

106085 
84868 

42434 


-2)519.8165 

-Atsa  of  the  baJc  ^-t^^goi^ 


.3^. 
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3M' 


^299541^5 
129954145 

77972475 

5)9226.742875 


-^^*     3 075.5  8*95 8  cubic  Inches. 

a.  What  is  the  foBdity  olF  a  pyramid,  ki  bafe  being  % 
l!i}uare  wbofe  fide  is  1 2  £eet  4  i&ehes,  and  its  heigbt  2$ 
feet  7  todies  ? 

J^f.  1499  cubic  feet  1701^  inches. 

3.  Tafiad  the  felidity  erf*  a  cyltadtF^  the  diaflnem'  ^- 
h^  bafe  aod  height  bdDg  givea.    i%.  76. 

Find  the  trea  ofiits  ba^e,  and  muUiplyit  by  the  heigbt  j 
the  pr^dlift  is  the  fdJi dity. 

£xAM.  f.  What  Is  the  feM  eoMcilt  of  a  eyKndef^ 
whofe  length  is  5  feet  5  inches,  ^nd  the  diameter  6f  i» 
bafe  2  feet  3  inches  .^ 
^nf.  21  cubic  feet,  928  inches. 

2.  What  is  the  foitdky  of  cylinder,  its  length  being 
a  I  feet  10  inches,  and  the  (fflnneter  of  its  bafe  5  feet .  6 
inches  ?    ^nf^  5  iZ  cubic  feeti  i  X5 1*  mches. 

4*  To  find  the  folid  content  of  a-cooe,  ttie  diameter 
of  its  ba(e  and  height  being  given      Fig.  77. 

Becaufe  every  cone  is  the  third  part  of  a  cylinder  of 
-the  fame  bafe  and  altitude. 

Multiply  the  area  of  its- bafe  by  one  third  part  of  its 
-fieight ;  the  produft  is  the  folldity. 

Exam.  i.    What  is  the  folid  content  of  a  right  cone, 
whofc  axis  is  40  inches-,  and- the  diameter  of  its  bafe  32 
inches?    Anf*  6  fetid  feet,  355  inches. 

■2.  What 


tS6  MENSURATION 

2.  What  is  the  folklity  of  a  cone,  Mrhofe  height  is  3 
feet  9  inches,  and  the  diameter  of  its  bafe  3  /eet  1 1 
inches?     jinf.  15  cubic  feet  104  inches. 

5.  To  find  the  fuperficies  of  any  folid  bpdy  bounded 
6y  plains ;  find  the  area  of  each  bounded  plain  i  the  fnm 
^f  thefe  is  the  fuperficies  of  the  folid. 

Exam.  A  fquared  piece  of  timber  is.  21  feet  9  inches 
long;  the  greater  end  is  25  inches  by  19.75  inches,  and  ' 

the  iefs  end  19  inches  by  15  :  It  is  required  to  csdcukte 
the  fuperficies  of  the  whole  ?     ^^  148  feet  20^  inches. 

In  this  example,  the  perimeters  of  the  two  ends^  may 
be  confidered  as  the  parallel,  but  unequal  fides  of  a 
trapezium,  and  the  length  of  the  piece  of  timber,  as  the 
perpendicular  breadth  of  the  trapezii^  ;  therefore,  mul- 
tiply the  half  fum  of  the  perimeters  by  the  length,  the 
product  is  the  fuperficies  of  the  fides,  to  which  add  the 
fi^perficies  of  the  two  ends,  and  the  fum  is  the  fuperficies 

of  the  whole.  . 

inches. 
Perimeter  of  the  greater  end  89.5 
of  the  Iefs  .  68. 


t^ 


»S7-5 


F.  I.    haif   78.75 
Length  21. 9  =  s6i  inches 


19.75  19 

7875             2J  •     15 

47250  

15750           9«75  95 

3950  19 


^Superficies  of  the  fides       205  5  3 .  75 

of  the  greater  «nd      493-75      493-75       285 
of  tlie  Iefs  285. 


a«Na 


Superficies  of  the  whole      21332.50  fquarc  inches 

or  148  fquare  feet  aoi  fq^iare  inches. 

6  -TtJ 
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6,  TpAftd  the  .fiipcrficks  of  a  cyU0der>  the  Aameter 
#f.the^  ba&K.apd  height^ '«if  the  cyiin(kr  bdog  givea. 

,  Flad  the  ciFaimfereiii;e..of  ^$  bafe^  amd  mnhiplv  k  bf 
the  length  of  the  cylinder,  the  produA  is  die  eorVe  uk 
£erAq€$ :  Theafind  ehe.dceasof  the  tvi^.haies ^  the.fun»^ 
of  theie  three  is  the  fuperficies  of  the  cyiinder. 

;gx4^  I..  What  is  tbe  fuperficies:  of  a  .cylinder^  its 
lcngt}^»  being  7  fco^  p;  ia<;bfi%  ^pd^  t]^  diasieter  of  its  bafe 
3,feeti5'ipcl»es?-.  ,       ,  .  ,    . 

..^^.14^^19*43  fiipan  >n(;bes»   or  lao^t  fqu^e  feet,. 
75.43  fquare inches. 

.  2*  Rejqoifed  the  Ibperficte^  of  a:..cylindef,  its  length 
being  6  feet  9^  in(;hes>  aDd  the  diameter  of  Its.baie. 5  feet 
i-t  inches  ? 

Jfj/^  2i687J$429.fqaare  igches^,  or  ^.50^  fijnare  feet, 
87  inches^ 

7.  Tx>iind  the.  fuperficies  of  a.  right  cone.  Its  axis'  and 
the  diameter  of  its  bafe. being  given; .  .Fig.  77. . 

Find  the  area  and  circumference  of  the  bale,  and  mul- 
tiply,the  circumference^of  the  b&feby  half  the  length  of 
the  conic  fuperficies;  the  pfodtfft  is  the  curve  fuper- 
ficies, to  which  add  the  area  of  the.  bafe,.  the  ixm  is .  the 
fuperficies  of  the  cone. 

Nate.  The  length  of  the  conic  fuperficies  is*  equal  io 
the  fquare  root  of  the-  fum  ,of  the  fquares  of  the  axis  of 
the  cone  and  the  fcmidiameter  of  the  bafe.  . 

Exam.  J.  What. is  the  fuperficies.  of  a  right  cone,,  the 
diameter  of  its  bafe  being  36  inclies,  and  its  axis  48 
inches. . 

jift/l  39.i5r796  fquareinches,  or  Z7  fquare  feet, Ji8.79<5 
inches. 

2^  Required 
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2.  Reined  thie^perficior  of  a  taati  the  cRametilr 
•fits  hA  being  ii.feet  4  incheSt  and  kft  axis^  er^  per«^- 
pendicular  height;  24  feet  9  inches  ? 

Jnf.  t(i}6oc}9  J^iiare'  ifi(^%  ^^^T3.%uike  feet,  . 

£i.  To&KLthe  fuperfides  of  a  globci  ie^iliftiQet^r  bdfig  \ 
^vecu    iSg.  63  .- 

1.  Tiacibpeisficies  irf^  gloh^  %»^;^<^  td  ftrtfr^dmes 
the  atvax>f  oatt^  Ins ^;i^6iU  ^fik«k» :  i^W hek efere>  fitxd  the  ~ 
area  of  a  circle  of  the  fatne  diameter  with  the  glofe^  aad  - 
fudtiply  it^by  4.)  cb»  prodoft  4s..  tiie-i«p«rfideft  of  the 
globe*    OjF, 

2.  l^iscade  the  ^rea^crf'  a  cirde  i^eqtntl-  ticrthe  prodafl,  ^ 
nadebymiil^lyfngthe  circamfGrencebyh&if  of  the  ra«i^ 
dtas,  or  oDe  four tfar  part  of  the  femidiameter  $  if  the  cir*  - 
c«mfoBence  <$£  a  dttfe  be  mirltrplied  by  its  dlataeter,  the 
pcoduft  will  be  four  times  the  area  of  that  circle :  There- 
for^ aaidtiply  the  circumfereace  6f  any  globe  by  its  dia- 
meter, and  the  produA  IhaS  be  nhe  fuperficrcs.  of  the  : 
globe,  u 

\     £xAik£.  r.  Whaftisthc  fuperficies  of  a  globe  whofe^ 
diameter.is  1 2  kchcs;? 

j/itif^  452.39  fqnarcrioches. 

2,  Required  thefuperfi  cies  of  a  globe,' its  diameters 
bejng  7  feet  6  inches*?  ' 

.  J^nf,'  \ 76^'fquare feet,  102.96  fqtiare  inchesi 

3.  The  diameter  of  the  terraqueous  globe  is  7964  * 
miles ;  Vbat  is  its  fupcrficies  in  fquare  miles  ? 

j^nf,  1 992  56909.9 1 36  iquare  miles. 

9.  To  find  the  curve  fuperficies  of  kny  fruAam,  pr  : 
zone  of  a  globe  or  fphere,  the  height  of  the  fruftum,  or  . 
zone,  and  the  circumference  of  the  fphcfe  being  given. 

Multiply  > 


J 
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Multiply  the  circumference  of  the  fphcre  by  the  height 
of  the  fhiftam,  or  zone,  h  pro<Ia<5V  Ib  the  carve  faper* 
fides.     Fide  MacLaurin*s  Fluxions f  p,  ip  And  14* 

ExaWr-^.  The  diameter  of  the  terraqiieous  globe 
being  7964  miles,  and  confeqaently  its  di^umferencV 
25019.7024  miles  ^  it  is  required  ta  fiftd  the  =  fuperfide» 
of  either  frigid  zone  ?  Plate  5.  f^g:  %6*> 

Let  P^SQ^reprefent  the  folflitial  colure,  -ffiQ^the 
equator^  PS  the  eafth'$  axis,  P  the  north  pole,  and  ar 
the  diameter  of  the  arftic  circle.  ,  Join  C^i  5  then,,  in  the 
right  angled  triangle  aCn^  we  have  02=3982  miles,  and 
the  angle  flC/r=::2  V  ^8'^  to  find  C;/,  which  bemg  fub- 
tra<fled  from  CP»  the  femidiameter^  there  will  remain 
»P,  the  height  of  the  frigjd  zone. 

As  radius  faooocooo  ' 

Is  to  cofioe^C»=323'*'aa.'  9.9625076 

SoisCa=39J^2  J.60010IJ 

ToC;faj652.65  —  f 

-^— i —  5.56.2608$^  I 

/jP  =  329.35  nriks,  the  ke^hiibfthezooe.  * 

Then?  25oi9f.7024X  32^.35=8240238.9^8^44  Iquare 
n»ks,  the  &rfate  of  either  frigid  zone. 

Exam.  2.  The  fame  things  being  given,  icis  r«qnired   > 
to  find  the  fupe^^ficies  of  either  temperate. zone  7 

In  the  right  angled  triangle  Cta,  there  is  given .  Cfc 
3982  miles,  and  the  angle  £Cfi:=:66°  32',  to  find  Cc,  which: 
-being  fubtrafted  from  Or^  the  remainder  is,  no-,  the 
height  of  the  zone. 

Y  ■'        .  As- 
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As  radiiis^  fo* 

1$ to cofiae /Ci=66'*  32'  .  . 9600 1 1  %v 


To  Cdszis^S^  3>-^oo2ij|+ 

From  Cm  =  j6ya.(J5 
Subtr.  €0=31585.69* 

Rcmaii*   «*  =  2066  96  miTes,   tbe   height  of    the 

zone,   and   250 19,7024 X2o66.96r:S^ 71 4724'<5727^4^. 
fquare  naaes,  the  furfacc  of  each  temperate  zone;.' 

Exam.  3.  It  is  rcqoiced  to  find  the  fuperficies  of  the 

torrid  zone  I 

Since  by  the  lafl  opcratioa-C^  15  8  sJSg^  the  doablcx)f 
ihis^  is.  3171  .j^  miles,  the  height  of  the  zone;    and 

515019.7024  X  3 1  7i.38=793m69»  3-7973^2  fil^^^o^^^^^** 
the  iurface  of  At  tomd  zone. 

The  furfiice  of  the  torrid  zone  is        79346983*7973i* 
of  the  temperate  zones  |  f IJ 1  J52l:o'27oJ 

The  forftcc  of  the  whole  globr       1994256909.91 3600 

10.  If  the  whole  (uperfides  of  the  poFar  feginent,  or 
fniftljm  of  a  globe,  be  required  ;  having  found  the  curve 
fuperficies,  find  the  area  of  its  circular  Baft,  and  add*  it 
to  the  curve  fuperficies,  the  fum  a  the  anfwer.  Or  work 
by  the  foUo wing  rule* 

!!•  Ta  find  the  fuperficies  of  the  polar  ftgment,  op 
fruftum  of  a  globe  COPI,  its  height  OI,  and  the  diame- 
ter of  its  bafe  CP  being  given.    Fig^  6u 

The 
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The  cnrv€  fupcrficies  is  equal  to  the  area  of  a  circle 
^vhofe  radius  is  CO;  and  CO  is  equal  to  the  fquare 
.-root  of  the  fum  of  the  fquares  of  CI  ^nd  OI.    Where- 
-fore,         -         '      ' 

Fiad  the  atea  of  a  cirde  Nvfaofe  diapaeter  is  double  of 
CO.  . .  Fiad  alfo  the  ^rea  of  the  Ocular  baie,  whole  dia- 
^sneter^is  CP-^  ^he  £im  of  theie  is  the  fiiperficies  of  4iie 
fegmeat*  ^ 

Exam.  It  is  required  to  find  the  fbperficies  of  the 
^fegmeut  of  aglobe,  its  diameter^CF!>eiag  44.4  iucbesi 
aad  its  height  OIs=  13  inches  ? 

'AnJ'  3(627^5344 iquareioches*  "^^    1 

.     12.  Tofiud^e  folidityof  a  gteiw^  hs  diameter  tielBg 
given. 

ThefoBdity  of  a  g^obe,  ^ho(e4iatnet^r  is  i/has  been 

'found  to  be  -^ajA  nearly ;  and  ^bea4ire  in  proportion 

to  one  another  as  the  cubes  of  their  diameter ;  therefare, 

*as  t  is  to  the  cube  of  the  given  diameter,  fois  -5^36  to 

the  folidity ;  or^  becaufe  the  firft  teroi  ofthe  projpartion 

.'is  I, 

^    Multiply  the  cd)e  of  the-  giyen  diameter  by  •52354  the 
produA  is  the  folid  content  of  the  globe.  • 

Exam.  i.  What  is  the  folidity  of  a  globe^  its  diame- 
ter being  i  a' inches  ? 
:     -^»/!  904.78  cubic  inches. 

2.  Required  the  folidity  of  a  globe,  its  diameter  being 
xSj-bches. 

-^nf.  33(5.^3^  cubic  indies. 

3.  What  is  the  folidity  of  the  ^terraqueous  globe,  its 
-diameter  being  7964  4niles  ? 

Anf.  26448033842553184  cubic  miles* 

,   Y  «  A  "glofeif 


y 
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A  tx^he  mav  be  confidcrcd  as  a  body  conCfting  of  an 
infin're  onmber  of  ffflall  cones,  whole  bales  are  in  the 
forrfiries  of  a  globe,  and  ibeir  Tertices  at  its  ccmcr ; 
and,  brcanle  the  Iblidity  of  a  cone  is  the  produA  of  its 
baie  into  tbe  third  part  of  its  height,  the  (blidity  of  the 
inrbole  globe  t^ill  be  the  produd  of  its  faperficies  into 
the  third  t>artof  its  radiasi  or  into  die  fixth  part  of  its 
diameter*    Therefore, 

To  find  tliq  folidkx  of  ^  globe,  its  diameter  being 

Find  the  faperficies  ef  the  globe,  bj  Prob.  8»  and 
iDulliplf  tfce  £ifttrGf»e«  by  the  6th  part  of  tbe  diaii^eter^ 
the  prodafl  is  the  fuperfides  of  the  globe. 

In  the  laft  example,  tiie  dianfecer  is  7964  miles ,  its 
fixth  partis  1327I,  and  the  fuperfides  of  the  globe  is 
•  l972S^>909.c»i36|  aad  • 

19925^909  91  j6x  *3^7T=2$44<033«4aS-3i'4f    the 
fame  «s  before, 

13.  To  find  the  folidity  of  the  polar  fegment,  or  fra* 
ftum  iSf  a  gtob^e  €OP[,  its  height  Of,  and  the  diameter 
of  its  bafe  CP  being  given.    Fig.  tfr.  * 

Divide  the  fquare  of  CI  by  OI„  the  quptient  is  IB, 
which  being  added  to  OI,  the  fum  is  the  diameter  of  the 
globe.     And  then, 

From  the  triple  produft  of  the  diameter  of  the  gicAc 
(OB)  into  the  fquare  of  the  fruftam's  height  (OI),  fub- 
traft  twice  the  cnbe  of  its  height,  and  multiply  the  re- 
mainder by  .5236,  the  produft  is  the  folidity  of  the  feg- 
mcQt. 

Exam* 


J 


OP  S  6  L  I  b  s. 


*1i 


■l£xAM.  It  IS  required  to  fiod  thcfdlldity  of  the  ftg- 
mcTit  of  a  globe,  the  diameter' of  its  l>afe  CP  being  44.4 
inches,  and  its  height  04h=  13  indhcs  ?  ,     , 

.^r{f'   ii2i4.i349forid  inches*  ^• 
2.  .It  is  required  to  find  the  folidity  of  cither  frigid 
2one,  the  axis,  or.  height  of  it  being"  3^x9, 35  TnMe$,   and 
the  diameter  of  the  earth  (taken  as  a^  {^eifeft  sphere) 
being  7964  miles. 

*(i  )  329-35  X329-35  =  it)847i.4225^;  '' 

and  1 084 71 .4i2''^  X  3  29. 3  5  X  i = 7  i  '4jf erriS.- 

(ii.)  io847i.422'5  X 7964X3  =  25*9 1 599l'26. 37 . 


t  '  ^  1 1  . .    .   ,';  '•    f'. 


f  r  .» 


^3.):a5ioi49iaqi37'Xi52g6cpl3ii>5^Qo6B#9j37.Ctthio 

miks-thcaafawr-'^  .'-t:  ^    •   an?     .:  j-  rt   .^'    „; 

14.  To  find  the  folidSry  of*tfte  milldli'toae'dfUgtate 
CPFE,^  the  diameter  of  the  globe,  •  tfee'^llfeiifletfer  of  tte 
zone's  bafe,  and  the  tieij^t  of  tfcezdnfe^  ifcing  ^vcn» 
Ptg,6i.       .   ■        '  ■''■•^-       '^    '•''■•'   -    '  .  ■•• 

Multiply  the  fqnarfeof  the  globe's  cBatnWerby  2,<  and! 
tb  the  produft  add  the  fq«arfe  of  the  ^diameter  ef  tbe 
zone's  bafe  ;  divide  thefam  !)y  3.8 197,  and  mtiMply  t*rt5 
quotient  by  the  Ifeight  of  the  zotie  ;' the 'produ  A  fe  the 
(blidity  of  the  zone.        .      *       *^ 

Exam.  i.  The  diainet«r'of  a  globe  AD  is  16  inches, 
aifnd  two  polar  fegments  being  ctit  dfT,  the  diameter  of 
the  bafe  of  the  middle  zoqe  CP  or  EF  is  T3.%<54  inches, 
and  the  height  8  Indies  :  What  is  the  foild  content  of  the 
zorfe  ? 

Atif.  1474.46  cubic  inches. 

2.  It  is  required  to  find  the  folidity  of  the  torrid 
lone,  tlie  diameter  of  the  earth  being  7964  miles,  the 

diameter 


A 
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<]umet€r  of  either  tropicus? 305. 3  mile$>  and  the  axis^ior 
. %  height  of  the  2oae=:3 1 7 1 -S^  miles. 

( I.)  79^4X7964X2  =5  1^6850592 

7305-3X7305-3  =  •  533^7408.09 

i8o^i8ooo.cp 

(aO— 3-^,^^X3i7i.38=:i49«29472782*i24a 

cabic  inilcs»  the  aofwer. 

15.  To  find  the  ibndity.of  any  zone  of  a  fphere  con- 
tained  between  two  parallel,  and  anequal  plains,  (fuch  as 
artd^  Plate  $•  Fig,  16.)  the  diameters  of  the  bafes  and 
height  of  the  zone  being  given.^ 

To  the  fam  of  the  Iqn^res  .of  the  femidiameters  of  the 
(wb-bafes,  add  one  third-partofjthe%iare  of  the  ozone's 
height ;  multiply  the  fnm  by  the  height,  or  axis'  of  the 
2oliei.and  multiply  the  prpdnA  by  1*5708  $  the  laft  pro- 
%Si6t  is  the  foIicUty  of  the  zone. 
.  .Exam.  It  is  required,  to  fiad  x^  folidity  of  either 
temperate  zone,  the  femidiameter  of  the  polar  circle 
^ing  1 5  85^69  iniles  ;  the  femidiameter  of  the  tropic 
5:3652.6$  miles;  and  the  height,  or  axis  of  the  zone 
.   9^40^6.96  miles  ?  .  ^ 

(i.)   Thefquare  of  1585.69  is  2514412.7761 
Ditto  of  3652.65  1334r.852.c225 

Sum  I5^56:i64.79»6 

.  The  fquare  of  2066.96  ^add 

is  4272323.6446  ' 

The  third  jpart  whereof  is  14241 67.8805 


•MM«iM«»«Miia*Bia-MiiHMia*»a 


172803726791 

(2.)  17280372.6791  X  2066.96  X  1.5708 
~56ro558 1678  3745,  the  fciidJey  ^f  the  temperate 
2baein  cubic  miles. 

From 
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From  the  three  laft  problems^  we  have 


»75 


Tbeiblid  content  of  the  torrid 

zone 

Of  the  two  temperate  zones 
Of  the  two  frigid  zones 


I 


Cttbic  MOefc 

149629472782. 124Z 

56105581678.3745: 

56105581678.374^ 

1319550068.9537 

1319550068^5^7 


Solidity  of  the  terraqueous  globe =2644797 56276.78^6 

Note.  The  reafon  why  this  fum  falls  (hort  of  the  fo* 
lid  content  of  the  terraqneoos  globe  (in  Exam*  j.  of 
Art.  12)  is,  in  this  cdtcnlation,  the  diameters  of  the  po^^ 
lar  circles  and  tropics,  and  the  heights  or  axes  of  the  fi-^ 
Teral  zones  are  computed  only  ta  two  places  of  deri* 
mals.  If  thefe  lines  had  been  talten  nearer  to  the  truth^ 
the  (via  of  the  feMties  of  the  zones  worid  have  oome 
nearer  to  the  folidity  of  the  whole  globe. 

If  a  (emi-elUpfe  be  revolved  round  its  longer  axis,  the 
fblid  generated  by  that  revokition  is  called  an  oUo$tg 
fpheroid ;  but,  if  k  be  revolved  round  it»  fiioi  ter  axis,  the 
fblid  is  called  an  oblate  Jpheroid. 

16.  To  find  the  folidity  of  any  fpheroid^  itstwoaxes^ 
being  given. 

Multiply  the  axis  round  which  tbe  generating,  elfipfe 
was  revolved  by  the  fquare  of  the  other  axis,  and  mul- 
tiply the  product  by  -5*236;  the  iadprodoft  is  the  foli-^ 
dity  of  the  fpheroid,  whether  k  be  oblong  or  oblate. 

Exam.  It  is  required  ti>  find  the  iblidity  of  an  obloi^ 
Ipheroid,  whoTe  axes  are  42  and  194-  inches  ? 

Anf»  8362.15.  cubic  inches^ 

2.  What  is  the  fblid  content  of  an  oblfttt  ^faeroid> 
whofe  aHes  are  i^l  and  42  inches  i 

Anf.  18010.7^  cubic  inches* 

l^.  Thr 
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17.  TbeToUdicyof  the  middle  zone  of  a  ^heroid  15 
found  by  the  fame  rule  as  that  of  a  globe  or  ^ere* 
jfrt.  14  of  this  Seffion. 

E^AM.  It  is  required  to  find  the  fofidity  of  the*  mid- 
dle zone  of  an  oblong  fpheroid,  (/^rg.  24).  the  cot^iigate 
diameter  GH  being  4J.4  inches^  the  diameter  of  either 
baife  NP  or  MO— 32.6  inches^  and  the  length  of  the 
zonpi/=:3B  inches? 

jlnf  48o4j>*67  cubic  inches* 

For  twice  the  fqpa^re  of  GH  is  3767.12,  to  which 
a^d  the  fquare  of  NP=:io62.76,  and  divide  the  fu«tt 
48^29-^8  by  3*8197  ;  the  quotient  1264.465  being  mul- 
^Ued  by  38  gives  48049,67  for  the  anfwer. 

•  18.  To  find  the  (blidity  of  any  fruAinn,  or  iegme&t 
of  a  fpheroid, .  cot  off  by  a  plain  perpendicular  to  one 
axisy  and  parallel  to  the  other,  the  diameter  of  its  bafe 
and  its  height  being  given* 

'  Fiad  iti>  folidifty  as  if  it  were  the  fruftum  of  a<  globe  y 
and  then,  as  the  iblidity  of  a  globe  whofe  diameter  is 
equal  to  the  axia  of  the  fpheroid  perpendicular  to  the 
bafe  of  the  frUftum,  is  to  the  iblidity  of  the  fpheroid  j  fo 
h  the  iblidity  of  the  truftum  of  the  globe  to  the  ioiidity 
'  of  the  like  fmftum  of  the  fpheroid.     Or, 

The  fruftums  are  to»  one  another  as  the  cube  of  the 
fixed  diameter  of  the  fpheroid  is  to  the  pFodudt  of  the 
hme  diameter  into  the  fquare  of  its  bther  diameter. 

£xAM.  It  is  required  to  find  the  folidity  of  the  fri^ 
turn  of  an  oblong  ipheroid,  whole  axes  are  50  and  30 
inches  ^  the  diameter  of  its  bale  (parallel  to  the  leffer 
axib)  being  1 8  inches',  and  its  height  5  inches  2 

An/,  65^,736  cubic  inches- 

For 
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•-For  50 X5X5k3rr375c,  from  which 

)  Remains  •  \sOo 

^i^d.j5aox-5236=;i8j2.^=ithefolidity,  if  il  wjis  tk« 
f^fnem;  pf  a  fphere  wbofe  diameter  \$  50  inches* 

The  cubp  of  50  is  1^5000,  aad  50x30X30=45000. 
-^.Laftlyj^.  af  125000  : 45000  ; :  1832^6  I  ^S9-736>  the 
aefwer* 

If  a  femi  parabola- bf  reyolyjpd  roood  its  axis,  the  fo- 
Hd  generated  by  that  r^volutioa  is  called  a  parabolic^ 
<anoi4'     Fig.*  78,  .      .     . 

19.  To  fifld  the  folidity  of  a  parabolic  conoid. 
AJultjply  the  area  of  its  circi:ili>r  bafc  by  oni?  half  of 

its  altitude,  the  produfl  is  the  folid  content ;  be^Aufe  tbii 
folid  is  one  half  of  a  cylinder, .  iiaving  the,  fame  bafe  and 
altitude.  •  ,  . 

Exam.  Hequlred  the  foli4it)J[  of*  a  parabolic  conoid^ 
the  diameter  of  its  bafe  being  3 1  inches,  ajid  its  height' 
43  inches?     Anfj.  16227.54  cidDic  inches.    . 

20.  To  find  the  folidity.  of  the  lower  fruftum  of  a  pa- 
Tabolic  conoid,  cut  off  by.  a  plain  parallel  to  its  bafe,  its 
height  and  the  diameters  of  its  hafes  being  g?vcn. 

Fmd  the  areas  of  the  two  bafes,  and  divldp  the  fuin 
by  2  J  then  multiply  the  qwoiient  by  the  height  prkp-gth 
of  the  fruftum  ;  the  produ^H:  is  the  folidicy. 

Exam.  It  is  required  to  find  the  folidity  of  the  lower 
fruftum  of  a  paralJbHc  conoid,,  i-he  diameter  of  ks  greater 
l^afe  being  24  inches,  and  of  its  lelFer  16  inches,  and  the 
length  of  the  fruftum  35  inches  ?  *    . 

Jnjl   1x435.42  cubic,  inche&z  . :     ^  !        .  : 

- .  If  a  para,bola  bc^rcvx^jvjed  jppnd  one  pf  its  ipyriinatp^ 
jdic  folid  generated  is  called  a  parahiicf^indU, 

Z  21,  T« 
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2 1.  To 'find  the  folidity  of  a  parabolic  fpindle,  its 
greateO  dumeter  aad  its  lengtbj.or  axisj  bdog  given. 

Fig,  79. 

Find  the  folidity  of  a  cylinder,  the  diameter  of  whofc 
1b!ife  Is  equal  to  the  greatfeft  diameter  of  the  fpiodle,  and 
its  height  equal  to  the  length  of  the  -fpindle,  and  ^  of 
this  cylitrder  :s  tbeiblid  content  of  the  fpmdle. 

Exam.  Required  the  folidity  of  a  parabolic 'fpindle, 
its  length  being  60  inches,  and  its  greateft  diameter  2^ 
inches  ?     Jfjf.  14476.4928  cubic  inches.  ' 

22.  To  find  the  folidity  of  the  middle  zone  of  a  para- 
bolic fpindle,  its  greateft  diameter,  the  diameter  of  its 
bafe,  atfdtbe*  length  of  the  zone  being  given. 

To  twice  the  fquare  of  its  greateft  diameter,  add  the 
Rjuarc  of  the  diameter  of  its  bafe ;  and,  from  tbefum  fub- 
iraft  VV  of  '^c  fquare  of  the  difference  between  thefe  two 
<liameters  )  divide  the  remainder  by  3.8197,  and  multn 
ply  the  quotient  by  the  length  of  the  zone  5  the  produfl 
15  the  folidity. 

"Exam.  It  isrequire'dto-find  the  folidity  of  the  mid- 
idle  zone  of  a  parabolic  fpindle,  its  greateft  diameter  being 
/3  2  inches,  the  diameter  of  either  bafe:^:  24  inches,  and 
.^t  length  of  the  zone =40  inches  ? 

jtffif.  27210.48  cubic  inches. 

When  a  pyramid  or  cone  is  cut  by  «'plain  parallel  to 
'us  bafe,  the  part  between  that  plain  and  the  bafe  is  called 
Tifrujlum* 

23.  To  find  the  folidity  of  a  fruftu'm  of  a  pyramid  or 
cone,  its  length,  and  the  dimenfions  of  its  bafes,  being 
given. 

Find  the  areas  of  its  bafes,  tmd  multiply  the  one  by 
ihe  other.  '  Extraft  the  fquarcroot  of  the  produft,  and 
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a'dd  the  root  to  the  areas  of  the  bales  ;-thcn  multiply  the 
liim  by  one  third  part  of  thc.lengtli  of  the  fruftum  5  tha 
produft  is  the  folidity* 

Exam.  i.  It  iti  required  •  to  find  the  fblidity  of  the  . 
fruftum  of  a  pyramid,  the  greater  bafe  being  a  redtangle, . 
whofe  fides  are  li  and  9  inches  ;  and  the  ieflfer  bafe,  the 
fam^  figure  whofe  fides  are  10  and  74.  inches  ;-and  the 
length  of  the  fruftum  1 9  inches  ?  *    Anpi  729  folid  inches* 

2.  How  many  cubic  feet'oftimbcr are  there  in  a  log, 
6f  wood  18  feet  long,  the  bafe  at  the  greater  end  being 
32  inches  by  20,  and  at  the  lefler  end  16' inches  by  xo  ?  ^ 

Anf.  46^  cubic  feet;- 

Note*  This  rule  is  general,  and  fcrvcs  to  find  the  folid  ♦ 
content  of  the  fruftum  of  any  pyramid  or  cone  ;  but  la 
fome  cafes  the  problems  may  be  folved  with  lefs  labour*-' 
For  example, 

I . .,  When  the  bafes  of  the  fruftum  arc  fquarcy.    Mul- 
tiply  the  fide  of  the  greater  bafe  by  the  fide  of  the  lefs, 
and  add  the  produft  to  the-fquaVes  of  thefe  fides,  thea-* 
mukipl)^  the  fum  by  one-third  part  of  the  lAigth  of  the 
ftuftum,-the  produft  i§  the  folid  content. 

Exam.  i.  Suppofe. the. fruftum  of  a  pyramid  hatb- 
Iquare  bafes ;  t^e  fide  of  the  greater  bafe  being  12  inches^  . 
and  the  fide  of  the  lefs,  9  inches,  and  its.  length  177 
inches  :  What  is  the  folid  content  ?  :  .     . 

-<^;^/.  1887'cubicinchea. 

Froduft  of  the  fides             loSr               35?^^ 
ii^arc  of  the  greater  bife  144                   17 
tf  the  lefs  81     • 

-331 

S4im  333  333 

3)5<56x 

'  ^«f.    1887 
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2.  What  is  the  foKd  coiueat.of  the  frnftum  of  a  py^ 
r&mii  haTiqgfqttarc  bales ;  the  fide  of  the  greater  bafe 
being  30*  feet  9  inches,  and  of  the  lefs  20  feet  10  inches^ 
and  the  heightj  or  length  of  thefrnftum  4^  feet  3  Inches  ?^ 

jitj/l  ^8451  cubic  fcet»63i  Inches, 

2.  The  iblki  content  of  the  fruftum  of  a  cone  1x147  be 
found  thus  ^  multiply  the  diameter  of  the  greater  ^ale 
by  the  diameter  of  th^  kfs,  and  to  the  produ^  add  tho^^ 
iquares  of  the  two  dian^eters  i  multiply  the  fom  by  .26 18^ 
(the  3d  part  of  -7834),  and  multiply  the  pioduft  by  the- 
lepgth  of  the  fruftum,  the  laft  produft  is  the  foUd  content. 

Exam.  What  is  the  folid  content  of  the  fruftnm  of  » 
€one>  (ts>  length  being  19  inchesi  the  diameter  of  the 
greater  bafe^  \6  inches^  and  of  the  lefler  bale  ^inches  ^ 
.    -^i»/ 239259  cubic  inches. 

Produift  of  the  diameters.— 144   .  ^6iS^ 

S^juare^  of  |hc  diameters  \^i^  ^  ^  ' 

^    ijx  ■■  ■  ■' 

s5i& 

Suoa  J^k  20944' 

•      125.925^ 

Then  r25'.9258x  19-2392.5902  cubic  inches. 

2.  Let  the  length  df  ihe  fruftum  of  a  cone  be  6  (at 
^  inches  ;  the  diameter  of  the  greater  bafe  3  feet  8  inches^ 
aud  the  diameter  of  the  Icfler  bafe  2  feet  7  inches :  VfhUt 
is  the  folid  content  of  the  fruflum  ? 

j^nf  s 2  cubic  feet  50 1 . 9.  inches* 

^  fotid  cefembllng  the  fruAum  of  a  pyraffix},  haTiflg 
|Kirallel  bafes^  but  not  fimilar  to  one  another^  is  called  a 

X4.  To  find  the  folldity  of  a  prifinold.  Its  length  and 
the  fides  of  its  bafes  being  gtvea. 

'  1.  To 


S 
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1.  To  the  bngeft  fide  of  the  greater  bafe  add  half  the 
longeft  fide  pf  the  leffer  bgfe,  and  multiply  the  fam  by 
the  breadth  of  the  greater  bafe. 

2.  To  the  Ipqg^ft  fide  of  the  leffer  bafe  add  half  the 
longeft  fide  of  the  gi;wter  bafe,  aod  multiply  the  fum  by 
the  breadth  of  the  lefler  bafe.  Add  this  prodoft  to  thc^ 
former^  ^nd  multiply  the  fum  by  oae  third  part  of  the 
giveo  leogth,  .the  produfl  is  the  folid;ty  of  the  prifmoid* 

A>/^*  This  rule  holds  ooly  ivhen  thebafes  are  quadri- 
lateral figures.  If  the  bafes  confift  of  more  than  four 
fides,  ufe  the  foUowiug  rule ; 

To  the  fum  of  the  areas  of  the  two  bafes,  add  four 
times  the  area  of  a  fcflioa  parallel  to  the  bafes,  taken 
Iq  the  middle  of  the  folid ;  multiply  the  fum  by  the  glvea 
length,  and  one  fixth  part  of  the  produft  is  the  foU3ity 
of  the  prifmoid. 

A  folid  refembling  the  frufium  of  a  cone,  and  having 
parallel  bafes,  and  thefe  bafes  both  elliptical,  (or  the  one 
bafe  ah  ellipfe  and  the  other  a  circle),  but  difproportiocal  ^ 
the  diameters  of  the  one  bafe  not  having  the  feme  pro- 
.  portion  to  one  another  as  the  correfpondeit  diameters 
of  the  other  bafe,  is  called  a  cylindr^id. 

25.  To  find  the  ftJidicy  of  a  cyl}n<froid,  its  lengthy 
and  the'dimenfions  of  its  bafes,  being  given.        ' 

1.  To  the  longeft  dlameHr  of  the  greater  bafe»  add 
half  the  longeft  diameter  of  the  lelTer  bafe,  and  mult^Iy 
the  fum  by  the  ftiorteft  diameter  of  the  greater  bafe. 

2.  To  the  longeft  diameter  of  the  leder  bale,  add 
half  the  loQgeft  diapoeter  of  the  greater  bafe»  and  multi- 
|3ly  the  film  b>  the  (horteft  diameter  of  the  leiler  bafe. 
Add  this  produ£l  to  the  former^  and  mnkiply  the  fum  b; 
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.7854,  then  multiply  the  produft  by  one  third  pai-t  of  fhe 
given  length  ;  the  lafi  produfl:  is  the  foMty  of  the  qr^ 
lindroid. 

Note*  However  ufeful  the  two  laft  Utiles  may  be  on 
fome  occafions,  they  are  feldom  applied  in  prafticc  ;  for 
trees  have  generally  their  bafes,  either  perfeftly,  or  near- 
ly fiinilar  ;  and,  therefore,  are  fruftums  of  pyramids  or 
cones :  And,  when  they  are  not  fimilar,  their  contentsi , 
when  confidered  as  fruftums  of  pyramids  or  cones,  come 
fo  ne^  to  the  fame,  when  confidered  as  prifmoids  and 
cylindroids,  that  the  difference,  is  quite  inconfiderable  ^, 
not  amounting  to  half  a  cubic  foot  in  ^xty. 

Of    measuring,   timber. 

When  large  trees  are  of  any  regular  form,  as  a  paralle- 
lopiped,  prifm,  cylinder,  pyramid,  or  cone,  their  folid 
contents  are  found  by  the  foregoing  rules.     AV hen  their 
forms  are  diflerent,  theymuft  be  confidered  as  fruftums-- 
of  fome  regiilar  folid*. 

I.  Of  Equetl  Sqjjared  Timfer.' 

m  « 

By  equal  fquared  ti-mber,  is  underftood  all  trees^  cut  - 
mto  the  form  of  a  paralleloprped,  whofe  bafes  are  equai 
fquares  or  reftangles ;  and  the  foiid  content  is  found  by 
Art^  I.  of  this  feElhtii, 

Exam.  1.  Required  the  foKd  content  of  a  fquared  piece 
of  wood,  its  length  being  19  feetj'  and  theiide  of  its 
Iquare  bafe  16  inches  ? . 

Anf  33  cubic  feet,  1344  inches* 

2.    ISL. 


J 


'^¥  SO  i.n>s.::  i?3 

laches  thick,  aqd  14  tf@t  6^aGbp&,i^£i;bow  many.foUd 

feet  ?      .     .'. .;  :>  ,    vri  ,.    ,7;  .jjii:.  i ':  ^."  ai,  .:.  :   .  •; 

-/^«/.,j;8i  cubic  feet.,  .  ,    ', 

.  iVb/^.  Ill  meafuring  fqaared  timber,  vDfkiiful  meafur^rs 
take. a  fourth  pait  of  ^he-c^cbrnfereooe  for  the  fide  bf  a 
meaa  fquare  bafe ;  this  qoart^r^gipt  ]:>ei?g  multiplied  by 
itfetf,  aid'  the-  prda6ai37'the  lengthy  Jhey  account  the 
folld  content ;  but  this  method  gives  an  ^ofwer  always 
greater. t^an,th^jjFurt^,,f«jffjept; ^Jiep  tfe^^bfeadtH  aodlthe 
thicknefs  are  nearly  equal ;  and  tJ%e'gr€;ateri,dlff^r<^C^ 
there  ,is  between  the  I>r€^dth  a|id^thi<;|kn€fs,  the,  gr;enter 
■will  the  errpr  bp.  In  the  laft example  ^2+iS=zco,  and 
half  of  CO  is  2e^  the  fide  of  th^'-m^^ap  (Tquare  bafe;  and 

25)^25=625  for  the  areatxf  the  bad.  XafHy, *fi^i^^^''' 

tig^z  foBS  fcct^  16 rilrich'c*!' which  is -near  5^feet  alJbve 
the  true  fdttdityV 


•^rjt'j  ij.;       ■    ♦"•     .  -     :     .    •.        ^ .  -1  S:  ? 


2.  Of  r7«^g'//ir/^St^ARE©  Timber.  .    '     , 

*  •  •     • 

m  t  ... 

By  unequal  fquared  dmber  is  meant,  any  piece  of 
Iquared  timber  whofe  bafes  are  unequal,  whether  thcfe 
bafes  be  fquarcs  or  reftangles  5  and  fuch  are  moft  trees 
when  hewn  into-  what  is^called  a.Squa.i;e  Form.  Any 
folid  of  jthisjkiad  is'truly^  or  very  nearly,  ^he  fruftum  of 
a.  pyramid  5  .and  its. folid  content  may  be  foqnd  by  ^rt. 
23.  ^f  thii feciion.  \  ..,.., 

,,,;  E;s;am.  It;  ifi  requirjed  to  find,  the  folid  contcht  of  a 
jrcf  18  feet  ^  inches  long,  the  i^afe  at  the  greater  cod 
f^^iPg  (^..reiftangle)  32  inche^  |)y  ipi,  -and  at  the  kflfer 
.end  J.7  inches  by  9  ?      Anf,  j^O.^qfi  jcubic  feet.  : 


iS4  MEN^^UftATlOlJ 

Tbe  uffial  cuftottliiry  wtty  ef  flioararing  focb  tidobei^  is, 
fey  takiS'the  fqwire  o^'red>aAg^e  a^  the  middle  o(  the  tree 
for  a  meaa  bafe,  and  multiply  this  by  the  length. 

The  laft  Example  wrought  by  this  method. 
.  ';(tO  ^it^i=^4k5>''aod  8X1213114.25 

(2.)  !lii2?Ilil?i!B344.85^  cubic  feet,  too  link 

'44     • 

by  1.654 feet.  ''  .      rj    .  .  . 

-  H4»cet'he  err<>fof  tM&cilItbtDi^f^  tray  oF  meafarit^ 

*fc»^bUQdaaHya^ldeml. '-■'       '  •  .  '   :»  -    »  1 

t  * 

Exam.  2.  How  many  folid  feet  arc  fher^  in  a  tree  24 
feet  long,  its  bafes  being  fquares  j  the  fide  of  the  greater 
eri^  inches;  atld  tile  fide  of  the  lefs  =  6' inches  ? 

-^%I  19  oibic  feet,  fii54  inthcair  -.:•.'. 
^    3^  "What  is.tbefoUdcoqtcptQf;a|ii^-27-3^.fcctIqqgj 
the  breadth  at  the  greater  end  being  1.7.8  kpty  aod  the 
thicknefs  1.23  feet;  and  the  breadth  at  the  lefler  end 
1.04  feet,  and  tbtcknefsT^p^i  iicet* 

j^n/,  41.723  folid  feet. 


f  •  ■ 


2'  Of'  Round  Ttui^Eic.  ' 

-'"•■  %.  When  ranrid  trees  are-eqailly  thitk  from' one  end 
10  the  other,  they  are  cyHndew  \  and  their  lengths  being 
meafared  in  feet,  and  theii'  circufiiferences  irf  inches, 
their  iblldlties  may  be  found  thus  : 

.Muhlplyahe  fquafe  of  the  circumference,  or  girt,  by 
-.0795775  \  muRiply  the  -produiJl  by  the  length,  and  di- 
vide thfc  laft  produft  by  144,  the  quotient  is  the  folid 
content  of  ihe  tree  ktciibk  feet.        n^        -     '-^ 
^..  r  Exam,  k 


OF    SOLli)». 


rtjl 


Eiii'M.  X.  Wkit  is  the  folidityof  arouodtrcei  its. 
kngth  belog  1 7;  feet  6  ioclie^^  aad  its  ;circumfereace  41 
iacbcs  ?  .  . 

jttt/:  i6.*25  cubic  fiset. 

2.  Required  the  folidity  of  a  round  tree^  i(s  oroimfi^- 
roice  bekig  s^  iochbs^  and' it& le&gth  30  £eet  ?; 

'  i^fi/:  444828  folid  fiect* 

3.  The  length  of  a  round  tree  is  25  fcct^5inchei>  ^ 
and  its  girt  4  feet  54-  inches  i/eq^ired  its  iblidity  ? 

*<f/j/I  4Q.^o2  cubic  feet. 

2.  When  round  trees  are  fmaQer  at  ode  end  thau  the 
other^  (commonly  called  Tapering  Timber),  they  are.: 
fraftums  of  cones ;  and  their  (olid  contents  may  be  found 
by  Aft*  23.  ^  thisfeSiion  v  but,  becaufe  it  has  been  ^1-^ 
ways  ihpugbt  beft  to  take  the  circumference  and  length  J 
of  a  round  tree,  to  find  its  (blidityy. , 

Meafure  the  circumference  at  beth.ends,  and  inas-* 
many  places  between  the  two  a&  may  be  thought  nece£>  • 
fary  $  divide  the  fum  of  the  circumferences  by  their 4aum'-  - 
beo  the  quouent  is  the  mean  girt;. then  meafure  the.- 
kflgthy  with  which»  .and  the.  mean^.rt^  find  the  iblidity  >^ 
fagr  the  laft  rule* « 

£x AM.^  u-  It  k  reqnifed  to*fiad  the  i<4idity  of  a^round^ 
tree,  it«  length  bmg  17  feet  3  iacbe8»  $ind  the  circumfe*-- 
rence  being  taken  in  .five,  places,  the  Jeveral  girt^are- 
IX'^A6^  9S* 04^ 73*S)  .56.88,  and37.9.2inGfaes,  aQdcoa«L~ 
fequently  the  mean  gire£=7 5.36  iacha  ?  ; 

Anf^  54.1375  .cubic  fceti 

2*  What  is  tM^ToMty  of-aroundtree^  its  le&gthi 
being  19  feet  9  incheti^  sfdd'  txi^aa  girt  747.124  inches  ?>. 

J&t/".  .24.237  cubic  fecu  . 

3»  Thcr 


i86  MENSURAXrON 

3.  The  ctiflomary  "way  of  metfariftg  found  timber  i&- 
this :  Take  a  fourth  part  dP  the  meaa  girt  far  iocbev^UBJd 
fquare  k  ;  multiply  this  fquare  by  the  length  in  feet,  and 
divide  theproduA  by  1449  (he^odent  is-theiolidicy  of 

the  tree. 

Bat  this  rate,  although  nniTeHally  ded^  ^vts  the  an* 
fwer  always  too  little  by  about  one  fourth  pact  of  the. 
-whole.' 

E    X    A    M    F   L    E    a 

Mean  Girt.  Solidity  hi- 

lochUk  Cubic  Feet. 

joj  7.i66<-' 

4ii  15.94  • 

5a  2K15&S' 

49^  23.7946  -^ 

6^i  47-^471 

39  j6-5'039' 

S9  41.1705 

Thefe  examples  arc  all  wrought  by  the  common  ruFc^ 
aDd  the  anfwers  are  therefore  lefs  than  the  truth.  It 
may  be  a  very  good  exerciib  for  a  learner  to  work  them 
by  the  former,  or  following  rule,  namely, 

4.  Multiply  the  fijuare  of  one  fifth  part  of  the  circunFi^ 
ference  by  twice  the  length  ^  the  produA  is  the  iblidi^^ 
rery  near  the  truth* 

£x A  M.  The  iengtli  of  a  round  tree  is  24  feet  9  inches^ 
and  its  mean  girt  S7i  inches  y  what  is  the  folidity  ? 
An/.  45.46  cubic  feet. 
One  5th  of  57.5  is.  1 1.5,  and  twite  the  length  is  49= 

feet  6  inches }  then  1'*^.  '^'5X49-?  ^=45.46,  true  to  the 
fourth  part  of  a.  foet. 


Length. 

Veet. 

Iocbe«> 

17 

9 

2r 

7 

19 

6 

22 

10^ 

23 

II 

25 

0 

27 

3 

f-r.     ;, 


OF    SOLIDS  1*7 

•  'More  £x  A  MP  L  E  6  td^fugfi  bf  tiU  Rule. '        '• 

Xicngtb*   .           ,     .Mean  Girt,  Solid  content  ia 

Feet.          Inches.                    Inches.  Cubic  Feet. 

'M.  ■"■-  >  :.-  >:V  'in.,..  .    .3P-7^75 

a6     ■•      9      -       ■-•      sy|.  S3-0SS' 

'.23-  ■•■  ■■    '3-.   •  ••  -'■-^■5'   .;  -  ''     .S^'Jja? 

21.      .       4  .                 .70  58-C74 

18    -■  'i  •■/.    ■•      '"Sii      ■  -' 6^.2675  " 


I.  The  i^i?/r^lfcrrfrt?/t,I.Wlice|5ufar^ triangu      pyramid, 
contaioed  under  fotu*  equal'^qikterj^  triangles. 

^.  The  Hexahedron^  or  Cnbc^  contained  under  iix  equal 
fquares. .      ^.. 

3 .  The  OBflhsdro^i  cpntaUied  under  eight  eqcial  equila^    . 

tcral  .tnandes 

-  .     .  i  »  •  .  » 

4.  The  Dodecabedromf  cont^dned  udder  twelve  equal 

.    equilateral,  pentagons.-^ 

5.  Thc/r^Afrfrtf/ifjCOOtained^nder  ttyeafej!i>equal  equi- 

lateral trianglea. 

To  find  the  fuperficies-of  the  Tctrahe^jron.    Let  the 

A  a  2  fids 


i8g  mensu'ration 

fide  of  one  of  (he  containi(\g  triangles  be  «,  then  the  fum 
of  the  three  Iides  \(fill  be  34,  and  the  half  fum  ^ ;  from 

vrhich  each  fide  being  fubtrafledi  the  three  remainders 

» 

are  — •   — .   — .   TJie  cootiaual  produft  of  the  half  fum 
a'     9\  a  '^ 

and  three  remainders  J$  ^  X  —  X  —  X — =s5^,  and  the 

fquare  root  of  ^  Js'^  r^   '^  r=  the  area  of  ond  of  the 

contAioiDg  triangles-;  and  this  root  bein^r  multiplied  by  49 
.gives  d^  X  Vj"  ^^^  ^^^  fuperficies  of  jhe  tetrahedron. 
Therefore,  multiply  the  fquare  of  the  fide  of  one  of  the 
containing  triangles  by  the  fquare  root  of  3  V  the  produft 
is  the  fupei^cies^  ofitK;  t^fiah^on;       '      * 

Exam.  What  is  the  fuperficies  of  a  tetrahedron,  each 
fide  of  its  viangulaf  fim|>eing  1 2  feeti 
An/.  24<>^4i52ii9eu  •:     .f    »         •  '*-    '  r-  . 


To  find  the  folidiry  of  a  Tetrahedron. 

\,  Meafnre  the  perpendicular  height  of  the  folid,  anS 
multiply  the  area  df  the  bafe  by  one  third  part  of  the 
perpendicular,  the  poduft- is  the  firfidity.     Or, 

2.  Multiply  the  cube  of  a  fide  of  one  of  the  containing 
tfiangks  by  the  (Square  root  of  2,  and  divide  the  produft 
hj  12,  the  quotient  is  the  folidity. 

SxAM.  Required  the  folidity  of  a  tetrahedron,  each 
iidc  of  its  triangular  faces  being  12  feet,  and  the  perpen- 
dicular height  of  the  folidcbeing  9.8  feet  ? 

Jnf.  203«63  cubic  feet,  by  rule  ift  5  aud  by  rule  ad, 
the  anfwer  is  203,64  cubic  feet. 

2.   Of 
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\  •    <     it 


S)X  times  the  fijuare  of  iaHncri  Ak  is  the  fiipcrfidcs 
of  the  cube;  and  the  cube  of  the  fame  fide  is  the  folid 

content* 


i<    ' 


i-  ^r#f  pcTAHBDi^tm^ 


•  - 

To  Spd^thc  rdperficies  of  the  Oftahcdron. 

•Sioce  thl?  fplid  is  cootained  under  dgbt  equal  eqaUa- 
»e'rai"triaDgics,find"thearea  ofonc.ofthefe  triangles,  (by 
tlj^  rule  fcCjth?,  t.c$rfh^ron),  and  maloply  it  by  8,  the 
^oiad  i*  the  .iopcriSci'es  of  the  Oftahedron.    Or, 

.MI)lt^>ly  twicf  the  fqoar?  of  the  liwaj  fide  by  the 
^t^ix,^x(fpto!i.ii  ^eprodijais  tb.e^fuperfides  of  the 

Exam.  Reqnirfd  i^  fuperficips  of  an  oaahedron, 
.cacli  fide  of  its  triangular  faces  being  1 2  feet  r 

To  find'thi  Jblid^drnteiit  6f  aft  OftaHedroo.! 

'     The  oftahedron  confifts  of  two'  equal  pyramids,  join- 

-ed  together  on  the-fiimeiquaiicbafe  ;  Jisu«cly>  the/quare 

of  ;>;jS^ofonc  of  ihc'tfi^gular  fai^eJi:  Therefore,  me?- 

faiethe  kngth  of^tbeofUhedron*  a^.d  multiply  two 

•tfc4^  '^f  it  by  the  fqu^re  of  a  fide  of  ofte  triangular  face  j 

2Jb^  p^a£i  is  the  iolid  cpment^ 

Exam-  What  is  tbcibiidity  of  an  .aciahedroo,  each 
fide  of  its  triangul^.faces.bdng  n  feet,  and  the  length 
^  tb?  fwJid  a.485  feet  ?      .       . 
^i^.  a  J  4.5  79  oujric  feet* 

Otherwifci 


I 

\ 


I9«  T«  E^N'S  U  R  ATI  6  N 

Othcrwife :  Multiply  one  third  part  of  the  cube  of  the 
^fidjcof  onctriangiilar'Faceby  thc-Jquarcroot  €f  2  j  the 
iproduA  iflf  the:  fdidcoiktent  of ;thc  oOafaedroii*  \ 


^  >      * 


4.   Of  the  DOOECAHFDROK. 

To  find  the'fnpcrficies  of  a  D^edLhedron* 

Becaufe  this  folidi  is  contained  under  I2.equala*egular 
pentagons,  multiply  the  area  of  one  of  thefe  pentagons 
by  12  ;  the  product  is  the  fupcf fides  of  the  dodecihe- 
dron.  ^  •       '      ..         •      ^ 

Find  ll^e  area  of  orie  .oF  the  containing  geiitigod^  thur: 
The  angle  of  a  pentagon  is  ids'",  its  half  is  5'4* ;  therc- 
focei  as  theradius  is  to  the  tan.  54°/!?)  !s 'halfoTthefi.de 
of  the  pentagon^to'tfee' perpendicular  f^to'g  from*  the 
center  oivthat  fide.  Mnltiply  half  the  fum  of  the  fides 
by  the  perpendicular,  the  produftls tKe  area ofthc  pen- 
tagon. 

Exam.  Required  the  fuperficieS'of  a  dodecahedron^' 
.^ch  fide  of  its  peotAgonalface$  being  la^feec? 
,  *4«/1 2972.9.84  fquare  feet.         ,,  . 

To  find  the  (olid  content  of  a  Dodecahedroq.^ 

The  dodecaheilron  conflfts  of  12  equal  pyramids, 
their  bafes  being  pentagons,  ami  their  vertices  in  the 
center  of  *the  itifcrlbed  fphere.  When  the  (olid  is  iet  on  * 
one  of  its  fides,  its  height  will  be  the  diameter  of  the  ie- 
fcribed  fphere,  and  the  half  of  this  diameter  wiii  be  the 
common 'height  of  the  pyramids.    Therefore, 

Meafure  the  diameter,  and  multiply  the  area  of  one  of 
the  containing  pentagons  by 'one  -fixth  part  of  thfe  dia- 
meter 


»- «  ' 


'     OF  a^.OTErns?  i^v 

meteri  and  moltiply  the  prodoft  by>  1 2  \  the  laft  prodtift ! 
is  thefolidky.of  the  dodecahedroa*    Or» 

Multiply  the«*ea  of  one  bafe  byrtwice  the  .^a^^ 
the  prodafl  is  the  folidity  of  the  dodecahedron. 

Ex  A  M.^  Required  the  folid  content  of  a  dodecabedtx>Qj 
the  diameter  being  ^6.72424^  -^nd  eaeh  fide  of  thexon-^ 
caioiBg  f>eQtagons  12^? 

-4»/.  13x41*79^ 


5;  Of  tie  IC0SAHED1t0R.\. 

To  find  the^fuperficies  of  an  Icofahedron.^ 

ISiisbodyis  contained  by  20  equal  equilateral  triaiw 
gles ;  therefore,  find  the  area  of  one  of  thefe  triangles^ 
aad  multiply  it  byao  ;  the  produ£b  is  the  furfaceof .  the 
Icofahedron*. 

Exam.  What  is  the  fuperficies  of  an  Icofahedron^ 
each  fide  of  its  triangular  faces  being  12  inches?- . 
'     /inf,  1247.076. 

To  find  the  foUdity  of  an  Icofahedron.- 

The  Icofahedron  confiAs  of  twenty  equal  triangular 
pyramids,  whofe  vertices  are  in  the  center  of  the  infcrib- 
cd  fphera ;  therefore,  rocafure  the  diameter  of  the  folid, 
and  multiply  the  area  «f  one  face  by-  one  fixth  part  of 
the  diameter,  and  multiply  the  prodtift  by  20  ;  the  laft 
product  is  the  folid  content  of  the  icofahedron^ 

Exam.  Required  the  folidity  of  an  icofahedron,  its 
diameter  l)eing. 1 8. 1 3^264,  and  the  fide  of  each  triangu- 
lar face  1 2  inches  ? 

'^»f'  37^9-9^  cubic  inctcs. 

The 


I^l 
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l*he  fiiperfidei  aiidiblicfiey  of  aoy  of  the  atxnre  bodies 
may  be  ealily  had  from  the  following  table^  vrfaereiii  th^ 
fidi  nf  each  of  the  tontaintdg  plains  13  ««^    - 


Names. 


Superficies. 


tfoiii!  content. 


T!*ctrahedroa 

Hexahedroa 

Oftahedron 

DodecahedroQ 

Icofahedron 

1.732050 
6.000000 
3.464101 
20.645728 
8.660254 

0.1178511 

I.ODOOOCO 

D.47 14045 

7  6631189 
2. 1 8 16950 

To  ule  this  Table,  obferve  the  following  rules : 

1.  When"  the  fuperficies  is  wanted,  milltiply  the  tabu* 
lar  number  by  the  fi^tiare  of  the  lineal  fide ;  the  product 
is  the  fuperficies. 

2.  When  the  folidky  is  recjmrcd,  mtiluply  the  tabular 
number  by  the  cube  of  the  lineal  fide ;  the  produA  is  the 
folidity. 

ExAU.  Required  the  fuperficies  and  folxdity  of  a  do^ 
decahedron,  the  lineal  fide  being  3? 

Anf.  The  fuperficies  is  185*8X1  and  the  folidity  h< 
206.504? 


m% 


^ 
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1.  To  gaagc  anjrv^flel,  or  to^fiadtie  qaamhy  of  lU 
qttor  it  can  contaJDs  ;       - 

'Find  how  maDT  folid  inches  will  fi}l  the  cavity  of  the 
neflel,.  and  divide  thefe  by  the  number  of  folid  inches 
'which  make  a  pint  or  gallon  |  theqootieat  is  the  content 
tpf  the  veflel  in  piats  or  gallons. 


T  A  B  L  E  of  CuUc  Iffches  in  fever al  Miafures. 

104  Cubic in<!hes=  i  Scots  pint 
2-2 ID  Ditto*  =  I  Scots  wheat 'firlot 

282  Ditto     '       =  I  Englifli  ale  gallon 
23 1  'Ditto  =  1  £ngli(h  wine  gallon 

'266. 8' Ditto     -       c:  I  "Englifti  corn  gilloft 
.  2150.4  Ditto  =1  Englifti  corn  or  malt  buftiel. 

From  tbefe  divifors,  jnuWpliers  may'l)e  found  thus : 

'Divide  I  by  any  number  in  thi8  table,  the  quotient  is  a 

conftaht  multiplier,' by  which  tTie  content  of  any  vcfFel  in 

cubic  inches  being  multiplied,  the  produfl'  is  its  content 

"^m  that  meafure  for  which  the  multiplier  was  fiMiad. 


•M_' 


Ta  3 1  e  ^  Divjfors  and  Muhipllers.         .    t 

.'       .  ,    »     .  .      •       •    •      • 

104  J    .009615  Scots  jrints 

282  .003546  ale  gallons 

231  .004329  wine  gallons 

'2^8. 8  "  -  .      •OQ37202-corn  gallons 

/  .  2150.42  .P0046502  malt  bufhels. 

1 
N.  B.  In  gauging  veflels,  the  drmenfions  are  always 

taken  in  inches  and  decimals  of  an  inch. 

l>b  EXAMr 


i^  MSNSURATION 

Exam,  i-  Suppo(e  a  veflel  in  form  of  a  paraQelopi- 
ped)  the  length  of  lt3  bate  27  inches,  l)]:!eadth  164^  inches, 
and  the  depth  of  the  ^eflel  32^  inches  \  required  the  coin 
tent  in  Scots  p'mt5>  aad  £i^l0l  ak.  g^oos  i 

«7X  16.5  X  32.25=143^7-375  eubic  inches'. 

Now,  if  you  divide  143^7-375  by  io4i  or  mnltiplf 
them  by  .009615,  the  refult  wilt  be  138.14  Scots  pints, 
the  cbntent  of  the  vefBL 

And,  if  you  divide  14367.375  by  282,  or  multiply 
them  by  .003546,  the  refult  will  be  the  content  of  the 
feflel  ia  EogiHh  ale.  gallons^  vie.  Sp»^46m 

In  the  fame  manocri  the  content  of  any  vdl^I  may  be 
found  I  but  thofe.wbo  pca^iTe  gauging  proceed  th<is  : 

In  any  vqfCsi  eq,Uially  wide  from  top  to  bottom,,  they 
compute  the  area^of  ita  ha&  in  fquare  mches ;  and,  by 
dividing  or  multipl{iQ;g  tbe&.  by  the  numbers  ia  the 
table$,  get  what  they  call  the  area  in  gaUoasi  (that  isp 
*  the  number  of  gallons  which  the  veflel  contains  wbea 
the  liquid  is  onjy  one  inch  decp)>  which  multiplied,  by.  the 
depth  of  thi^  liquid,  gives  the  quantity  contained  in  the 
veflel. 


EXA^ift..  Z0  Suppo&;4:trong^^iar  eiilean^/uiifbmij 
fight  angled  parallelopiped,  its  bafe  27  inches  long,  and 
i6i  inches  wide,  and  the  height  of  the  vefl^l  32I  inches, 
but  the  depth  of  liquor  only  20  inches  j  required  its  c«q^ 
icnt  in  Engliflt  ade  gallons  ? 

f^¥'  3 « •594- 

'27Xi6.5X:o&3546=?i. 579743  the  area  of  the  bafe 
xn  gatlons,  which  multiplied  by  20,  produces  31 .594  ale 

galloas. 

3.  Suppofc 


0  1^    BOtlDS:  195 

3.  Suppofe  a  cjrlioctrip.  Te/Iel  b^th  the  diameter  of  iu 
bale  20  iQcheSy  and  its  height  30  inches  ^  required  tht 
content  m  wioe  gallpQi  {    An/.  40.9. 

2ox2ox.7854X3ox.oo4^a9=4o.8. 

Sufp^  a  tttli  having  drcular  bafes,  the  diameter  of 
the  meoUi  is  60  inches,  and  the  diameter  of  t^e  bottom 
IS  ^6  Inches,  and  the  perpen^ctrlaf  de^th  from  top  t9 
botidin  h  }o  inches  (  required  its  content  in  Scots  pintjs 
and  Englilh.ale  gallons  ? 

This  Veflel  is  to  be  confidered  as  the  fruDum  of  a 
«x»|l{S|4ftBd».Qa  this  fnppQfidon.  its  content  will  be  552^17.9 
cubic  inches ;  which,  by  redudion,  is  5  J2;8  Sects  fioxtr 
or  196.5  EngIKh  ale  gallons.  ' 

The  calculation  is  tedious  by  common  arlthmedc^  Iqic 
mn  tjc  f aGJy.  pqi-formcd.  by  ^Qgariibms  y  thus, 

To  twice  the  logarithm  of  the  diameter  of  one  Wie 
add  the  logarithm  of  .7854,  the  fum  is  the  logarithm  ot 
the  ar^a  of  that  bafe:  l?o  the  lame  for  tlie  area  of  tb^ 
other  baib,  and  find  the  numbers  auf^ering  to  each. 
Then  add  the  logarithins  of  the  ai^as  of  the  tite  bafes^ 
aild  talce  hklf  of  the  fum,  and  fiud  the  number  anfwering 
thereto. 

Add.  the  areas  of  tj)e.  two  bafes,  and  rdbe  laft  fbmid 
Bumberi  and  multiply  the  fum  by  one  third  part  of  the 
deptb^  th^  product  is  the  cootent  i&  cubic  itcfa«$« 


•  b  2  Op^rttiot 


l-% 


i^^ 


MENSURATLQir 


Operation  for  the  laft  Exaapki 

tog.  -  .  ...  .'*?£•  ^ 

Diameter  60.  i . 7  8-1 5 1  j  ^  Diainfeter  36  i. J5 6 Joi^r 
"  .7854  9.'89sop09:^  •;  ^  •^;  \7B54'V-895Wc^» 


» / 


a«?i-44    3-45*ay3S      '^xoi>7\8784=3*^.^7^9i9 


4     jI.9*7'97^4t- 
1696.464 

, ■!■■ 

1,.  5541-7824^ 

Mult  by        •  10"' 
Attf.  55417.824: 


<^  «    «• 


.•  .1*8,27.4.4.      3-45,i3935s 

■     -      ,.  t  ,•    .        rrr — 7— ' 

;     2>(5.45*9<^«94 


.  ^  ^\* 


'  i<J96.464i=3.aajp5447' 


*^     > 


Th^content  of  anyve/felW  thiaforai-mayB'e  <bi»d* 

^/fith' Icfs^trbtiMe  by  this  ruleJ*       '  '        -        -     •. :  c 

^  To  th^  prodqft  of  the,  (liameters  of  the  two  Jjafes,  add. 
©ne  third  part  of  the  fqi|are  of  th^ir  difference  j.  the  lum 
is  tbe  fqo^eoC  amean  diameter  i.whleh  being  multiplied, 
by  .7854,^  and  the  produvj  by;,  the  depth  of  the  vcffcl^ 
gives  the  content  in  cubic  inches; 

.  ExTAsw;  Lbt  the  diameter  of  the  greater  bafe  be  60, 
a&d  of  the  leiFer  bafe  57.6.  and  the  perpendiciHar  beigbe» 
of  the  1111^.29,976  inches- V  required  its  coaient  ?. 
Anf,  814J0.3  cubic  inches. 

The  content  of  a.veffcl  of  this  form  may  be^  found' 
•without  meafuring  the  diameter  of  the  bottom,   or  leaft 
baie;  thus,  Meafure  the  diameter  of  its  mouth,  or  uppep- 
bafe,  AB,  the  diagonal  BC,  and  the  length  of  the  ftave 
AC  {Fig.  B.plaU^  )    Then,  in  the  triangle  ABC,  the 

th:ec! 


dree  fi<}es  arc  known  i  4nd*  feyiog  di^y^j^jh^.  jftrj^pr- 
iicular  CE,  we  have,  .  .  ., 

As  .AB:BC+CA;;  BC-CA  :  BE-E^,  which  is' 
equal  to  CD ;  and  hence  AE  and  .LC  m^  be  found* 
And,  wheuAB,  CD,  apd.CE  are  kn9WiU  the  contcot 
^ffthe  .veflel  may  be  found  by  the  laft  ruie. 
^  5x AM.  Let  the  diameter  AB:=4o,  the. .diagonal  BC 
=42»  and  the  length  of  the  ftavc  AC^^o  iQc^esj.re* 
quired  the  content  of  the  veffel  ? 

jifif.  21331.58  cubic  inches. 

P^  the  above  rule,  BE— EA,  ot  00^34.1  inches^ 
and  AE  =  2.95  inches*,  AC*  — Ah*.=EC*='^9i.2y75  ;, 
hence  £C=i 9.7^1 2  inches^  and  the  reft  of  the  opera? 
ttoh  is  the  fame  as  in  the  laft  example.        .  .  , 

When  vcflels  are  npt  equally  wide  from  top  to  bot- 
tom, gangers  cbniider  them  as  fruftums  of  tome  regular 
folid,  and  compuue  their  contents  at  every  inch  of  their 
depth,  which  concents  they  enter  in  a  table,  and,  whei^ 
they  cooje  to  furvcy,  they-  have  only  ta  take  the  depth ; 
and,  by  comparing  the  wet  inches  with  the.  tablej,  have 
the  content  by  infpe<SiQa. 

2.'  TqCauge  a  CasK. 

•  c  •  ■      .  -  ,.-•••.• 

Caflcs  are  diftinguiflied  into  the  fodbwiog  four. varieties :> 

^  «i>  Such  as  refembfe  the  middle  frufiuci  of  a  ipheroid* 
.   2*<  Such- as  refemble  the  middle  friiihim  of  a  parabo* 

lie  fpindle.  ^  .     *  *  * 

3.  Such  as  being  cut  through  in  the  jniddle,  the  two 
parts  are  pacabolic  conoids. 

4.  Such  as  beiQgcut  through  in  the  middle^  the  parts 
are  the  lower  fruHums  of  t^o  ecjual  cooes. 

Klearnre 
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Meaiiire  the  head  And  btiog  diameters,  and  the  length 
of  the  calk  in  inches ;  and  then, 

I.  tf  the  ftaves  are  very  mnch  curved,  the  calk  is  lap- 
pofed  to  he  rlie  middle  zone,  or  fraltam  of  a  fpherold  % 
and  lis  content  may  "be  found  by  this  rule. 

To  twice  th<^  fqaare  of  the  bung  (Sameter,  add  tho 
fquareof  the  head  diameter;  multiply  the  fum  by  the 
length  of  the  Calk,  and  divide  the  produft  by  3-81979 
the  quotient  is  the  content  in  cubic  inches. 

Exam.  Suppde  there  is  a  fpberoidal  calk.  Its  hong 
diameter  =  3 1.5  inches,  head  diameter  =  24.5  inches., 
and  the  length  of  cafk=:42  inches ;.  required  its  content 
XilEnglirhalegiirbnS?  * 

Anf.  100.78.  2         ' 

1.  If  the  ftaves  of  a  calk  are  lefi  cunred  than  was 
Ibppofcd  In  the  laft  article,  the  calk  is  taken  for  the  mid* 
die  frullum,  or  zone,  of  a  parabolic  Ipindle ;  and  its  coo-* 
tent  is  computed  by  this  rule* 

To  twice  the,  fquare  of  the  bimg  diameter,  add  the 
£}uare  of  the  head  diameter,  and  from  the  fum  fubtradb 
four  tenths  of  the  fquare  of  (he  diiference  of  the  diame- 
ters i  divide  the  remainder  by  3*8197,  and  multiply  the 
quotient  by.  the  length  of  the  cafk^  the  produA  is  its 
content  in  cubic  inches. 

Exam*  Let  the  bung  diameter  si  34  inches,  the  head 
diameters:  30,  and  the  length  of  thecaflc:=:40  inches  \ 
what  is  its  content  in  Englifh  ale  gallons? 

wtf^  ir9*039. 

^  3*  When  the  jftaves  of  a  caik  are  very  little  carted,  tht 
caft  is  fuf^fed  to  confift  of  the  two  lower  fruftums  of 
4wo  equal  parabolic  coooidS|  their  grea^  baies  jolnect 

together 


^  together  in  the  vuddle  of  the  caflc  v  Ae  <»t|xtCQtof  f«ch  a 
Teflel  may  be  found  by  this  ru)e.  r 

To  the  fqnareof  the  bung  diameter,  add  the  fquare 
ofthe  head  dmmet^r;  multiply  the  fum  bjr  ^ps?*  and 
the  produft  by  the  length  of  the  caflc  i  the  lafi  ,produA 
is  the  conttet  in  cubic  inches* 

Exam.  I^et  the  bung  diameter  of  fuch  a  caiksrjz 
iache%  the  bead  diameter  =s  a  9,  and  the  length  of  the 
<aflffs^4.a  inched  ^  i^qvured  its  coQDent  m  cubic  inches  and 
ale  gailoas  ? 
Jfnf.  30760.191  cubic  inches,  or  109.07  ale  gallons*. 

4.  If  the  (laves  of  a  calk  are  firaight  between  the 
tmng  and  the  eaAi.  of  the  caflc,  xfae  v^Esl  is  fiippofed  to 
<oniift  of  the  two  lower  fvaftoms  of  equal  cones ;  and  its 
<ontent  is  found  b^  this  rule. 

To  die  film  of  cbe  fquar esr  of  t£e  hea^d  mi  hctng  dia- 
meters add  their  prodnfl ;  multiply  title:  fam  by  the  length 
of  the-caft,  and  divide  the  prodnft  by  3.81975  the  quoi* 
tient  is  the  content  in  cabic  inches. 

Exam.  Required  the  content  of  a  caik  in  ale  gallons, 
ks  bung  diameter  being  32  incites,  ih  bead  diameter  24 
jficHes,  and  the  length  ^  incfaeft  ^      - 

By  diefe  rufes^ .  die;  content:  of  any  caik  mwf  be  fban^ 
k  being  known*  to  which  of  ihe  few  varieties  die  calk 
belongs  5  but^  in  common  practice, 

A  msair  diasKter,  wheneliy^tfae  oaflc  is:  ttSac^it  lo  a 
^lioder  in  eitiber  variety  is  fisund  thus : 

5*  Multiply  the  difference  between  the  bung  and  head 

^  dbmetefs'by  •?  for  the  fphcroitf,  bf  .65-  for  the  IJtedfc, 

•by  «6  £or  the  conoids,  and  by  .55  for  the  cones i  addthe 

prodt3<^ 
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prodo^  to  the  head  diameter ;  the  fam  is  a  mean  dlame^ 
ter  9  or  the  diameter  of  the  bafe  of  a  cylinder  equal  td 
the  caik,  their  lengths  being  the  falnc.'  '  The  mean  dia- 
meter  being  fquared  and  multipllecl  by  .7B549  and  the 
produft  by  the  length  of  the  caflc,  gives  the  content  ia 
cabic  inches,  which  may  be  reduced  to  gallons  by  the 
table. 

Exam.  Soppofe  the  bung  diameter  is  30  ioclies,  the 
head  diameter  20  niches,  and  the  length  of  the  calk  40 
inches  \  required  its  content  in  ale  gallons  according  to 
each  variety  ?        ' 

Difference  kf^^-t^Q  mad  Head  DUMBTfiR^  is  i» 

lKC«E8t 

iox»7  =7-    and  20+7.  c;27    for  the  fpheroii 
10  X  .65  ^6.5  and  2o+6.5=26*5  for  the  fpindlc 
.10 X.. 6  =6.    and  204-6.  =26     for  the  conoids 
10 X. 55— 5.5  and  20+5.5=25.5  for  the  cones. 

.  JFor  the  Conte;nt  in  Ale  Gallon$> 

27    X27    X7854X4oX.oo3546=:8i.2!  fpheroii 
25.5X26.5X.7854X  4oX.oo3S46=78.23  fpindlc 
;  .  .a6   X26   X.7&54X4ox-oo3546j=:75.3   conwis  . 
^5-5X25.5X#7'854X4ox-oo3546=7?.43  cones.   . 

.Mr.  War©,  who  had  much  pra6liccin  gauging,  fays. 
He  never  gauged  a  caik  that  contained  £0  much  as  (ke 
•firft  variety  makes  it;  and  therefore,  recomnxends  the 
2d  and  3^  rarieties  as  the  beft^eacralrule^  foF  %g4U^g 

4aflcs.      ' 

5i 


^.  If  the  malt  lie  on  tbe  floor  in  a  tei^an^dr  f&tt^ 
^^iflf  jSiHet^gj^  b^  Aitik^dthi  and  the  pro(hi6)^  by 
the  3cptbi  all  taken  in  inchfes  5  the  ptislfiift  fs  the  llombc^ 
\rf'(:«%ictn5he8  to  the  quantity-;  ^ich  being  ditided  by 
^v^(^^'4li  the  flttoti«k  4B>thc  immber  of  babels. 

T^  Taifie -J^fe  fei-ves^r  findSng  the  q«aiit^^  of  toaft 
xiomalDed  in  any  veflil  in  <brfiit)f  a  paraHeiopfj>e<fon. 

T^l^AM.  S«ppf>fe  a  4^gfltity.Qf  wait  on  the  floor,  tSS 
'ia^^  long,  144  inches  brmd^  and  gi  inches.  dcep^$  xo^ 
^ukrcd  the  niumberof  biiSicb  i 

%,  \^ii§n,j»alt  5$  ifiii  o^^c9#  <x  afty  .K^el,  the  con- 
♦tent  of  the  vcflTel  is  to  be  found  in  cubic  iuches,  by  ibma 
of  the  former  rules,  and  then  divided  by  21-50.42,   the  . 
quotient  is  the  number  of  bu(hels. 

3.  To  find  the  fofi4?y  pf  iiny  irjijgldat  foJid,  foch  as 
•  a  thorn  or  whin-bulh. 

Put  the  irrcgubr  body  into  any  Ycflel,  ^nd  fill  it  wrtb 
^ater  5  take  out  the  bedyj  and  Ac  water  \wU  fall  lower, 
and  leave  a  part  oftheTcfTel  empty,  equal  to  the  folidity 
*of  the  body  to  be  meafured^  then  meaihre  ib  much  wa- 
'^er  by  a  veiTel  of  a  known  capacity  as  (bail  fill  up  the 
«mpty  {pace,  and  the  number  of  cubic  inches  iu,  that 
fpace,  and  confequentlyin  the  irregdar  bo4y«  wiU  he 
''known* 

4^  To  find  the  ronnage  or  burden  of  a  ihi)),  multiply 
^he  length  of  the  keel,  tak^  within  board,  by  the  breadth 
*of  the  Qiip  at  the  mid  &ip-beam,  takexi  alio  within  boards 
''cr  from  plank  to.plank,  and  multiply  the  produ^  by  the 

C  c  depth 
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depth  of  the- Ihip' taken  from  the  plank  below  the  kcctr 
fon  to  the  under  part  of  .the  upper. deck  pfank,  arid  dk 
vide  the  produft  by  94,  the  quotient  is  the  tonnage  re- 
quired* •      '    ,   .  ... 

5.  To  find  the  dimanfioii&of  a  veflcl  ihat  ft«U  con- 
tain a.givcn  quantity.  ., 

General  Rule.  To  veflrels<eqjaaUy  ^idefram  top  to 
bottom :  If  the  baie  be  givei|,  di»^ide  the  content  in  cvh 
bic,ind)e$,  by  the  area  of  fhe  baie^i^  fi^areiiojcbes^^tbe 
quotient  is  the  depth  or  length  of  Che  vcffel  in  inches. 

If  the  length  or  depth' of  the^cfl^l 'be  given,   divide 

•the  .content  by  thcidepth, '  the  quotient-is  the  area  of  the 

bafe;  and  the  area  of  the  b;«ie  being  known,  its  fide,  if 

it  muft  be  a  fquare  ;  its  length  and  breadth,  if  it  m aft  be 

'•&  re6>angle  *,  or  its  <liafli^er,  if  It  fimft  be  a  circle,  msff 

.'be  found.  •-    " 


TJ  X  A  M  PX:E'S.t 


J  I.  It  is  required  to  n»ake  a  veflel  in  form  of  a  paraJ- 
Jclopipedon,  its  baie  being  19  inches  by  14]  which  (hafi 
"contam  40'  ale  gallons  5  required  its  depth  or  length  ? 

An/,  42.4  inches. 

For  the  area  of  the  bafe  is  19X14=266  fquare  incb- 
■^s,  and  40iite  gallons  =1282  X  40  =11 280 -cubic  inches^ 
adivide  1 1280  by  266,  the  quotient 42.4  is  thelength.    ' 

2.  A  veflel,  equally  wide  from  top  to  bottom,  and 
^that'Ihall  contain  40  ale  gallons,- is  to  |>e  made,  its  depth 
,42.4  inches  ;  required  the  area  of  its  bafe  ?    , 

Anf    —— -=266  fq'ure  inches. 


42-4 


If 
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If  the  bale  be  a  (quare,  its  fide^li'be  the  fqaare  root 
of  2(55,  which  U  16.3  inches. - 

^f  the  bafe  be  a  redtaoglej^  and  oite^  o^its-iides  ^19: 

inches,  the  other  will  be =14  Inches. 

If  the  veffel  be  a  cylinder,  its  iafe  is  a  circle  ;  and,.,to ' 
find  its  diameter,  divide  266  by  .'7854  ;  the  fqnare  root 
of  the  quotient,  viz.  1S.4  inches  is  the  diameter. 

6.  To  find  theditocnfions  of'a  round  vefftl,  having* 
unequal  bales,  that  (hall  contain  agiven  quantity. 

Case  i.  When,  the.  diameters- of  the  two4>afesAare 
given,  to  find  its  depth.^ 

To -the  prodnA'of  the  diameters  of  the  bafes,  add  one 
third  part  of  the  fquare  of  their  difFerence  ;  mnltiply  the 
'  IBmby  •78514,  and  divide  the  given  content  in  cubic    ' 
inches  by  the  produft  j  ^the  quotient  is  the  depth*  of  the 
veflel.. 

Exam.  A* tub  is  to  be  made  that  (hall  contain  196.J  . 
Eiigliih  ale  gallons,  the  diaineter  of  its  greater  ba(e  =  6a: 
inches,  and  of  its  le(rer  bafc=36  inches  5  required  its  per»« 
pendfcntar  depth  ?  '  •     , 

jinf.  30  inches. 

Case  2.  When  tnfe  depth,  and 'the  diameter  of  one  • 
bafe  are  given,  to  find  the  diaiijeter  of  the  other  .bale. 

Multiply  •7854;by  the  perpendicuiar  depth,  and  divide . 
.the  given  content  of  the  vc(rel  in  cubic  inches  by  the* 
produ6l,  the  quotient  is  the  liquaie  of  a  mean  ciiametej*^, 
whkrb  confHls  of  the  prodnft  or  the  two  diameters,'  andi 
ona.  thirdpart  of  thci  fquare.  of  their  difference  j  and,, 
•when  the  diameter  of  oire  bafe  is  given,  the  other  i$> 
fouod.by  the  folution  of  a  quadratic  equation ;  thus,  . 

Cc.i.  "  Putt 
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Pot  o  s  the  ptetk  diaAa^r,  x  s  the  dSnxaiUt^  f^ugfitr^ 
and  S  =  the  qootietit  of  the  gtftn  cooleii^  db^ded  bJ^tKc 
prodttA  q{  the  depth  itito  •7^54. 

Then  ax +^E^S^  iAi^t  is,  ax^^SLzl^^^fttS 

2ax+ait — 2ax+xx^2^ 
xx+ax:=:   3S — aa 

a  ■'        4. 


*  a     V  js_3ft—  £.  which  giteS'tMs  vAti 

Multiply  tlie  given  depth  by  'jS^/^t  and,  divide  ther 
content  of  the  veflel  by  the  produft  ^  multiply  the  quo* 
tient  by  3,  and  fubtraft  ^  of  the  fquare  of  the  given  dia* 
meter  from  the  produfb  j  extrafb  the  fqoare  root  of  the- 
remaiadery  and  fubtraA  one  half  of  the  given  diameter 
from  the  root ;  the  remainder.  i&  the  diameter  fought. 

Ex  A  M.  It  is  required  to  find  the  diameter,  of  the  kfler 
baie  of  a  tub,  which ^  Ihall  contain  60  ale  gallons;  the 
diameter  of  the.  greater  bafe  being- 40  inches,  and  thc- 
depth  24  inches  ? 

J^if  The  diameter  of  the Icfler  bafe  is  18*637  inches.. 

ift.  The  content  ot  the  veflel  is  282x60^:16920  cu-*- 
Ihc  inches.^. 

od,  -7854  >t24;-ia.849^  and -jg-^^3^^6j4.. 

3d,  897.63'4X3=32C92.$02,  r^nd  -|-  of  ^JB*  is  1200. 

ijth,    269-;.902  — I2UO.=:^I492.902« 

5th,  yi492-9o^a8^*3.7>  and  i8^27^2o=ri8.637. 

The 
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The  content  of  a  caflc,  vrkh  the  bong  and  head  diame- 
ters being  given^  to  find  its  length ;  the  ca&  being  of  the 
3d  .variety.  v. 

Multiply  the  fuin  of  the  iquares  of  the  bung  and  head 
diameters  by  •39>27,  and  divide  the  content  of,  the  calk 
Sn  cubic  inches  by  ^e  ^odUfl  ^the  ^oofient  i3  tbelengtb 
of  the  ca&. 

Exam.  A  x:a(k  is  to  be  made  \trhich  fballe^ntaia 
1 09.07  Englifli  ale  gallons,  its  bung  diameter  =32  inches^ 
and  its  head  diameter=2p  inches  ^  what  m&SL  its  kngfh 
fcc> 

jiftf.  4i^3»  er  42  iaches. 
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NAVIGATION. 


Definitions  <iff</TRiNciFLES,  Fig.  80. 

• 

I.  T^AVIGATION  is  the  art  of  conduaing  a  fliip^ 
^  ^  in  the  fca  from  one  port  or  place  to  another. 

2.  The  earth  and  fea  confHtnte  one  fpherical  body^ 
which  differs  very  little  from  a  peffeft  globe ;  its  diam&» 
ter  is  about  7964  miles,  and  its  circumference  25020 

miles. 

3.  The  earth  hath  two  motions^  one  round  the  fun  in- 
a  year,  called  its  annual  motion ;  and  another  round  its 
own  axis  from  weft  to  eaft,  once  in  twenty-four  hours^. 
called  its  diurnal  motion,  / 

4*  The  annual  motion  of  the  earth,  is  the  caafe  of  theT 
apparent  annual  motion  of  the  fun  ^  and  its  diurnal  mo» 
tion  is  the  caufe  of  the  apparent  revolution  of  the.  fun, 
moon,  and  fixed  flars^  from  eafl  to  weil  la  the  fpace  of 
tyrenty-four  hours. 

5.  Several  circles  are  fuppofed  to  be  defcribed  on  the 
terraqueous  globe,  and  alib^n  the  vifible  heavens,  which 
altogether  are  called  circles  of  thefphere.j.and  thefc  arci- 
either  great  or  fmall. 

6.  A  great  circle'  divides  the  globe  into  two  equaL 
parts,  as  the  equator ^  meridian^  horizon^  ecliptic ^  and  ver^- 
tical  circles... 


NAVIGATIQlf. 
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,    7*  A  fiDitiU  cirdte  ^yides  the. ^lojbe. Intel  t^ro  uoequal 
^^tf,,  gs  xh^,p(^reirplj(t',  tropHs^  ztiioih^i  paralkls  of 


,r.  , 


'  'B  The  ^v?/fjr  of  the  globe  Bauds  arc  the  extremities 
nif  nt<5  axis^  or^'  they 'are  the  qurefcerit  Jibihts,  when  tHre 
globe  tarns  round  its  axis ;  and  oppofitetcy  tHde  arc  the 
iccleflial  poles  in  the  ^fiUe  lieavens.    w 

;     9.   The  equator  is-a  -great  cirtilc  fiirpoundrng  the  gTd!fe 
in=-fhe  mfiddle  between  the  two  poles,  as  -^Q- 

10.  Meridians  ai^e  great  dircles  pafling  through  iKe 
two' poles,  and  cutting  the  equator  at  Hght  angles,  as 
PwS,  &c.     *       '      ''"'     '         '   '  :     '  '  ' 

'  '  1 1.  ■  The  ecUpticlXl  is  the  path  of  the  eartlf  s  annual 

Inotion  r6und  tfie  fiin,  br  the  pattrof^  the  *ftn*is  appai^cnt 

annual  motion  round  the  earth ;  one  hklf 'of  it  lies  dn  the 

«iior€b,  aatl  the  deher;!^^]^  on'^the  fflotli  4ide  of  .the  equa-. 

Tloh'    The  fun  iappeairs  alwajfs  f^mciiehere  in  this  circle ; 

«foFy  this  being::  the  eatth's  6rbit^'ia  whatever' pdint-the 

earth  is,  the  fun  is  Teen  in  the  oppoiiteof«ai(n|$.  /£[^  fui^'^ 

'^aily  J?rogrefs  isoe^rjoaexdcgre^^^o  .'..-'' 

:  ::  J35i  The  interfeftionsj  0r  poii\t3  where  the  ecliptic 

croiFes  the/equator  reprefen ted  bj  ih^fokAt  A,  are  caU 

Jied  equinolf ial. points  s  rbecaufe,  .wbei^  the  fun  appears  in 

either  of  thefe,  the  day  and  night- ^re  equal. 

1 3*^  The  points  of  the  ecliptic,  which  are  fartfaeft  from 
the  ^equator /at  E.and  C,  zrc  c^jWtAfolftitia I  points ;  be- 
caufe,  while  the  fun.pafles  over  a  fmall  part  of  the  ecljp- 
^iic  on  each  Cde  of  thefe  points,  he  is  for  ifbme  time  near- 
ly at  the  fame  difUsce  frpsi^the  equator^  and  Co  feems  .to 
dland  fiill.      " 

14.  TKc 


14*  The  flfttidfam  vAnCh  pztBu  tlkro^gh  the  €qT:fi&at> 
ihl  foixa^  h  tMci  the  eqmmt^t  €^tt^f  tsPAS^i  ftiut 
that  which  pafles  through  the  ibifihial  pobtt  iii^ilivd 
ilac^JilfiiUifLxoUwef  af  R£S.    Ti^efe  ar«  the  oply  two 

15.  The  ecliptk  is  drndsd  Mto  twelve  equal 
partft,    called  ^«/j    each  coataining    3o«>,    nao^ely, 

V       v:       jx       ^      ^      n>i     ^ 

Ariesj^   Taurus^   Gemini,    Cancer,  Leo,  Virgo,  Libra, 

•  

Scorpio,  Sagittarius,  Capricoroas,  Aquarius,  Pifccs* 

,3,6»  Th^  Zcwfk  Z,  is  that  poiat  in  the  vifible  heavens 
diredlly  over  tl)^  fpedator's  head,  and  Uj^e  N^ir  N,  is 
tb^  oppofite  pqnt* 

17.  There  are  fvm  horizoas  the  rational  ^ifipfiHe. 
Th^  rational  -horiioa  HO,  is  a  great  circle  (urrounding 
the  globe  in  the  ttijcttfibecwoeo  tbe  zenith:  ajnd'U^, 
^vbich  are  iti^pdles. 

18.  T!)nt finjihley  minj&k  h&rkumf  h  tbchoxmiairf  ol 
the  <})edit<^'^d  ^ew/  and  is  ppop^ly  a  plane  touching 

nhe  eirth  ia  the  place  ^hepe  the  ipeAator  ftands* 

ipl  Latitude  on  the  earth,  xs  the  diftaace  of  any  place 
north  or  footh  from  the  equator,  reckoae^d  oa  themerK- 
dian.    Thos  ZiE  is  the  latitude  of  2. 

20.  Longitude  <m  the  earth,  k  the  diAante  of  aory 

place  eaft  or  w^H  from'  the  fird  meridian,  rebkoned  oa 

the  equator  5  or  the  longitude  of  any  place  is  the  arch  of 

the  equator  between  the  firfl  fiaeridian-aod  the  meridiaa 

«f  that  places 

ai.  The 
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2i«  The  firft  median:  U  not  fi:ced  to  any  papticular 
place-,  h»t  chofta  ac<:Qrdi0g  to  tb€i  faaey  .Qf  d'fi^f^at  atj- 
tbocs.  aad  fiatiqns..  la  fagUfti  maps  and,  globes,  the  me- 
ridiao  of  Loadon  is  th&.  firft.  la  French Jadtdp^f.tbf;  me- 
ridian of  Ferro  lllaad,  &o  ^ 

22.  Id  the  vifible  heaiseas^  ch-clos  pafliag  thfongh^  the 
poles  x>f  the.eclipticy  aed  cuttiogit  at  right iangle^i  arc 

called -Wrrfef  tf/'Ai///«dk^  ali^^/ 

23.  Latkttde  in  the -heiiTOfe,  is  the  tSfencetjf  any  flat' 
from  the  ecliptic,  reckoned  on- the  circle  of'Iatiftade  jfefr 
fiag  through  theVftar...'y»  ' ^.>,\  . 

24.  L$ngttude6i  tltxj  (far'iil  the  heavens,  iy  an  ;irch  of 
the  edipliit  between  th«?  vernal*  cquinox'afid  the  circle  of 
}atit»4e  pai&ng  throi^h  libeftar,  reckoning  in  the  order 
of  the  figns. -  '  v      •        ''  '•   *  :'•"•'* 

'    25^.  l>#tfi*««/rt?^,iifr*b€:daion<ie  of  tbe-fof^,  oil  any  ftar, 
north  or  fou^h  from  tite  equator^  i^ckoned  od  the<meri«> 

26.  The  obliquity  of* '  the*  eclij>tic,  or  the  angle  it 
toake^  with' the  eqiiatofi'  GA^;  is  23''  28^,  knd  the^ime 
is  the  fan*s  gr^ateft  dedinatlon.-  '     •  .  f.-  . . 

4? 


'  27^  Ci'rdes  paraller  to 'the' equator,  ape  catTed^(ir<7/- 
kl/  of  Idiitude  on  the  earih\  aad  parallels  of  decHnatioti 
in  the  heavens.  One  of  thefe  is  fuppofed'topafs. through 
every  point  in  the  meridiJin  ;  biit  four  *  are-  difttnguifti^d 
by  particular  names,  viZr  the  two /ro^w,  aiiiJ' the  twci 
fqlar  circles •  / .  \[  .,        ., 

28.'  The  tropics  "Ed  knd  bC  are  diftant  from  ^t^  ^9"^" 
tor  23**  28*.      ihat  on  the  ndrth*is  called  the  Troptc^pf 
Catcer,  bfecaufe  It  tbIiShes  th6  ecliptic  lii  the  beginning - 
•     '  ^     n.d:^  ■'.'-■.   ofv 
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•f  the  figo  Cancer;  and  that  oa  tbe  fomh  is  callednhe 
Tropic  of  Capricorn^  bccaoie  it  touches  the  ecliptic  in  the 
bcgiomng  of  tbe  figa  CapricorD.  Tbefe  circles  are  the 
apparent  p^ths  of  the  foa  on  tlie  fblftiiial  <d^»9  vizv  oa  the 
21.11:  of  Janet  ^Qd  2  2d  of  December. 

29,.  The  tropics  are  the  bottodaries  of  the  fua's  .decli- 
Bation  north  or  foath  from*  the  equator*  The  fpacr  be-f 
tween  them  is  called  the  torrid-zohe :  becaufe  the  fan  1% 
always  vertical:  to  fbme  £lace  within  this  traA  of  the 
earth's  farface» 

JO.  The  ar^Ci  or  north  poUrdrcte  ar^  is  23®  aS^ 
diftant  from  the  north  pole  ;,the  fpace  within  it  is  called 
the  north  frigid  zoni»  The  antar  Aic»  or  ibuth  polar  cir« 
cle,  te^\&  23*^  28'  diitant  from  the  fomhi  pole,  aad  the 
Ipace  within  it-is  czW^Aihc^foutb  frigid  zone^. 

3  r  •  The  fpace  between  the  tropic  of  Cancer  and-  the 
arAic  circle,  i&  called,  the. it^r^A  test^erate  zowi  and  th» 
fpace  between  the  tropic  of  Capricorn  and  the  antarAifi 
circle^  is  called  th^/$utb  ianperaU  zone, 

32.  When  the  fun  appears- m  either  eq)itapx,.he  hatk 
■o  declination.  In  all  othei:;^^  points  of  his  apparent  path^ 
the  arch  of  the  ecliptic  between  the  vernal  eqniaox.and 
the  fun*s  place^  is  called  xht fun's  longitude.  The  arch  of 
the  equator  between  the  fame  eqiiino»  and  the  meridiaa 
paffing  through  the  fun's  place,  is  called  tl^tfuns  right 
m^enfion^  and  the  arch  of  the  naeridJan  between  the  equa-» 
ibr  and  the  fun's  center,  is  called  rhefrnH  difclination^ 
The  fatte  is  to  be  undcrAood  of  the  moon,  or  any^ftar. 

33.  tSThen  the  fan  iJ  in  either  eqpinox,  he  rifes  due 
eaft,  and  lets  due  well},  but  in  alt  other  points  of  tha 

cgliptic^ 
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cSipfic,'  he'  Hfes  and  fets  at  fomc  diftancc  from  the  eaft 
^d  weft  points  ;  and  this  diftance  is  called 'they«/;jVflw- 
plitude.  The  greatdft  aiqplitude  A/w  or  A«,  is  whea 
tic  fan  is  in  either' tropic. 

34.  The 'amplitude  is  Mways  of -the  fame  name  with 
die  declination;  that  is,  when  the  fon  hath  north  decli- 
nation, he  rifes  between  eaft  and  nordi,-  and  fets  between 
weft  and  north ;  but,  ^^hen  he  hath  fauth  'deciin^tion,  he 

^  rtfes  bcttveen  eaft  and  Ibuth,  and  fets  between -weft  and 
fbuth.    The  fame  is  true  of  the  moon,  or  any  ftar. 

35.  Vertical  or  azimufh  circles  "ZmN.  end' Z«N  pafs 
'  thrcmgh  the  zenith  and  nadir,  and  cut  the  horizon  at 
'  right  angles.  Of  fhi^fe,  themeridian.  cuts  the  liorizou  ia 
•■Ae  north*  and"  fonth  points  ;  and  the  prime  vertical  croflts 

the  meridian  at  right  angles  in  thezenith,  atid  tuts  the 
horizon  in  the  eaft  and  weft  points. 

36.  An  azimmb  circle. is  feppofed  to  pafs  through  the 
fan,  moon,  or  any  ftar  which  appears  above  the  horizon. 
That  part  of  the  azimuth  circle  l>ctwcen  tbe  horizon  and 

'the  fun  at  any  time, -is  called  his  altitudes  and  the  other 
part  between  the  fun  and  the  zenith,  is  called  his  xenitb 
diftance:  and  the  arch  of  the  horizon,  between  the  point 
where  the  azimuth  cirde  cuts  it,  and  the  north  or  fouth 
points,  is  called  i)[it^funs  azimuth.  This  is  reckoned 
either  from  -north  or  fouth,  the  one  beiqg  always  the 
fupplement  of  -^he  other. 

. 37. .  The  arch  of  the  >cquator  between  theTerniil  equi- 
nox and  that  point  of  it  which  rifes  \vith  the  fun,  is  cal-. 
led  the' fun's  oblique  iafcetj/ion :  and  the  arch  of  the  egua- 
^or  between  the  fame  equinox  and  that  point  of  it  which 
■fct6  with  the  fun,  is  called  Wi&'fuh's  ellique  defeenjwn. 

D  <3  2  38.  Thr 
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38.  ,Thc  iffercncc  between  the  fua's  right  and  ob- 
lique afceafioDy  is  called  the  afcet^onal  differenci*  Thk 
quantity  reduced  to  time,  at  the  rate  of  15^  to  an  faouc, 
fliewsiiow  long  the  fun  rifeth  before  or  after  6  o'clock. 

39.  Oblique  afcenfion  anddefcenlioo,  with  afcenfional 

difference,  apply  only  to  places  between  the  equator  and 

polar  circles.     For,  at  the  equator^  the  right  and  oblique 

.arcendon  are  always  the.  fame ;  and  within  the  frigid 

zones,  the  fun  Aiines  for  federal  days  and  nights  together 
•  •• 

without  lettiog,   ' 

40.  The  mariner's  compafs,  Fi^.  81.  is  a -rciprefenta- 
tion  of  the  fenfible  horizon,  of  that  place,  where  it  is,  by 
means  of  a  circular  piece  of  paper,  called  a  card^  its  cir- 
cu^nference  being  divided  into  32  equal  parts,  callec^ 
points.  This  card  being  properly  fixed  to  a  piece  of  fleel, 
called  a  needle^  (which,  by*  the  touch  of  a  loadftone,  is 

•-endued  with  the  property  of  pointing  north  and  fouth) 
and  placed  on  a  fupport^r  on  which  it  can  turn  freely 
round ;  the  lines  drawn  from  the  center  to  north,  fouth, 
and  all  other  points  on  the  card,  will  tend  towards  the 
fame  points  of  the  horizon ;  and  therefore,  by  the  help 
-of  this  card  or  compafs,  a  (hip  may  be  direfted  in  any 
propofed  traft  or  courfe. 

41.  The  fevcral  parts  of  the  earth's  furface  are  moft 
conveniently  reprefented  on  the  furface  of  a  fmall.globe^ 
becaufe  this  body  is  fimilar  to  the  earth  5  but  this  docs 
r.ot  anfwer  the  purpofes  of  navigators,  and  therefore 
other  repreientations  on  plain  fur  faces  have  been-4Soa- 
trivcd.  •  '-  *  •  ' 

42.  The  fir  ft  and  moft  fimple  repretcntatjon  t)f  the 
earth's  (lirf^ce,  is  the  f  lain  chdrt^  wherein  the  ineridians^ 


%rp  parallel  to  each  othert  and  die  p^allcls  of  latitude 
^e  all,  of  the  fafaS  length  with  the  equator;  tmt  this 
4oes  not  a'gree  with  the  figure  of  the  earth,,  and  there* 
^ore.  the  extent  of  lands  and  feas,  th^  fituations.  diflan- 
-CCS,,  and  bearings  of  .places,  and  confequently  the  folu* 
tion  or^  queltiohs  in  navigation  on  the  principles  of  the 
plain  chart,  cannot  be  true.  Tjie  error,-  however^  is 
i>ot  equally  great  in  all  places;  for,. within  the  torrid 
'Zone,  the  plain  chart  agrees  nearly  with  the  globe : 
And  in  maps  reprefenting  a  fmall  part  of  the  earth's  fur- 
face,  of  about' 2- 01^-3  (fegrcei  of  latitude,  and  as  many  of 
longitude,  the  erfor  is  nCt  very  confiderable,  if  the  place 
reprefcntcd  lie$..b«twC6n  the  equator  ^nd  40°  of  latitude. 
The  error  increaies  witli  the  latk4ideA  and  is  the  greateft 
of  all  to^yards  the  polest  ,.,;    . 

43.  .The  refdlutlon  of  quqftions  in  navigation,  on  the 
principles  of  the  plain  chart,  is  called  plain-failing.  The 
other  methods,  known  by  the  names  of  Middle  Latitude, 
and  Mercator's  Sailing,  being  only  attempts  to  correal 
the  errors  of  thfe  pWn  chart/ cannot  be  imderftood  until' 
•plain  failing  is  learned. 

44.  A  ihip*s  courfe  is  known  by  the  compafi,  and  the 
diliance  fhe  fails  in  an  hotir  is  found  by  the  log-line  thus  : 
A  fmall  cord,  of  41  felkient  tength,  is  marked  with  knots 
-at  the  diftance  of  tIb-  part  of  a  nantical  n>ik,  /or  minme, 
froifa  each  other ;  and,,  tp  the  end- of  the  cord,  a  piece  of 
\ipa(J)dis  fixed,  calkd  tbr%»  The  line  tbos  prepared  is 
ivound  up  on  a  reel,  which  turns  cafily  round.  They 
T\eave  out  the  log,  and,  at  the  fame  time,  fet  a  half- 
min^^  facd-glafs  a-running,  and  fofind  how  many  knots 
the  fcip  fails  in  half  a  oiipute  j  and,  becaufe  half  a  mi- 
nute 
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nute  i$  the  fame  part  of  an  hour,  as  a  kn6t  is  of  a  ttiife,' 
^e  number  of  knots  ffaows  the  number  of  m'des 'the  flup 
runs  in  an  honn 

Note.  A  nautical  mile  is  6i2oTeet;  and  confcqucntly 
the.diftance  between  the  knots  on  fhe'logTme  (hould  be 
5 1  feet,  viz.  ^^f^  Thtit,  as  it  is  fafer  to  have  the  reckon^ 
ing  rather  before  the  fhip  than  after  it,  therefore  50  feet 
may  be  taken  as  the  proper  length  l>etweeQ  Icnot  anS 
knot  on  the  log-Fine. 

45.  A  rhumb  ItoCi  is  any  right  lin^  dravrn  from  the 
center  of  the  compafs  ;  fuch^s  N.E.     S.  S.  W.  &c. 

46.  The  conrfe  is  the  angle  which  the  rhumb  line 
makes  with  the  meridian ;  and  may  be  reckoned  either  in 
degrees,  or  j>oints  of  the  compafs. 

47.  There  are  32  points  in  the  compaifs,  and-^ach  of 

thefc  is  divided  into 'halfs  and  quarters. 

48.  Becaufe  the  whole  ctrcomferenoe  of  any  circle 
^onfifls  of  360^,  and  the  fame  is  divided  into  32  points : 
^o  find  how  many  degrees  one  point  contains,  divide 
.360°  by  32,  .and  the.  quotient  will  be  11®  15'  =  on^ 

■ 

vpoinc. 

49.  Biftancels  the  number  of  tniiescr  leagues  iaikd 
xxn  any  rhumb  in  a  given  time, 

50..  D'rfTqjrenee  of  latitude  is  the  diAaoce  a  &ip  has 
made  to  the  northward  or  fomhward  of  the  place  (he 
fet  out  from,  and  it  is  reckoned  on  the  meridian. 

51.  Departure  is  the  diftance  eaft  or  weft,  which  a 
(hip  has  made  from  the  meridian' of  the  place  (he  failed 
-from,  reckoned  oa  the  parallel  6f  Utitijde  Mvhich  (he 

Las 
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Ba^arrived  in.;  ^did  the  plaiil  chart,  itJsthe  fame  as& 
difference  of  loog^ude* 

52.  If  a  fhip  feife  on^  a  meridrafli  cither  north  or 
fouth,  {he  make&  no  departare,  and  her  diAanc6  and 
dUTerence  of  latitude  are  the  fame. 

53^.  If  a'  (hip  Jidls  dae  eaft  or  weiV^  (he  makes  no  dif- 
ference of  lantude,  an'd  her  departure  and  diftadce  are 
the  ikme ;  but,  '   ' 

f4.  Fig.  82.  If  a  (hip  Ms  from  any  point  'K  to  any 
other  point  C,  4ieither  lying  in  the  fame  meridian  >vitK: 
A,  nor  ih  the  fame  parallel  of  latitude  \  draw  AB,  the 
itneridian  of  the  place  failedfrom,  and  from  C  let  fah  the 
perpendicular  CB  ;  then  AC  is  the  dillance  failed  \  AB. 
the  difference  of  latitude  of  the  p^ces^  A  and  C,  and  BC 
is  the  departure -OP  dillance  of  the  meridians  of  A  and 
C  $  aUb,  CAB  is  tlie  angle  of  60ur(e,  and  ACB  the  eom-^ 
glement  o£  the  courie«. 

5^5*  The  (Hfference  of  latitude  and  departure-  are  aU 
ways  the  legs  of  a  r^ht  angled  triangles  and  the  difiance 
&iled'is  the  hypothenule.  The  departure  is  always  o^ 
pofite  to  the  angle  of  courfe»  and  the  difference  of  ktK 
tude  is  oppofite  to  the  complesftentof  the  courfe* 

56.  When  the  courfc  56-45%  °'  4  pomts,  the  diiiercncfr 
•f  latitude  is  equal  ta  the  (feparture* 

57.  When  the  coorfe  is  lefe  than  45%.  or  four  points^, 
^e  difference  of  latitude  is  greater  than  the  departure  ;^ 
but  when  the  coorfe  is  greater  than  45^  or  four  poittt$>^ 
the  departure  is-  greater  than  the  difference  of  latitude. 

58.  When  a  figure  reprefcnting  a  (hip's  courfc  is  to 
be  confin;i£led^  it  mufL  firft.  be  confidered  whether  the 

ftue 
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flup.idikLtiocihward  or  footh^BiQU-d ;  and  whether  (he  goer 
to  the  eaftward  or  weftward  of  die  place  Aie  departed 
fi:om/»  that  the  Hoes,  of  the  ^gur.e  vffffy  ^e  dr^wn^  accord- 
ingly-        .,•....  :.  .       .  . 

Let  the  upper  part  of  the  fW9t»  Or  vbatevwr.the 
figure  is  drav^ra  ein^repreifeiH  the.  »ojth,  then,  tl^e  lower 
p^rt  wUl.be  fQmb>  the  jright  han4.eafl:f  aud  the  left  hand 
weft. 

^,.  Prsiw  ajiorjji.aad  fouih  Uae,H>repivEfentthe*:ieridiaa 
of  the  place  failed  frop^;  thea  rif  the  ijpuffe  is  to  ih^ 
fouthwardj  mark  the  upper  end  of  th,^^  Jiae  for  the  place 
faUe4,froBii  but  if  the  coyrfe  as  ij[Qrtb>yaicd»  ix)ai;k  tft.e 
lower  end  of  therliac.fof  that  pUce,       .  ^^  . 

A,.  *—  .  •  *  »  ^  »  ^ 

:  !Ilbe  line .  f eprefeiwitii;  d>e  dift?dm  l6ik4  itipft  b'« 
i}r.«wA  thjTo^gh  t^  pQtpt  failed  from ; .  and  the  parts 
^^j?)uft.be  t^prfnwa  afcale,  aa4:  the  figure  com?- 
pleated  according  to  the  conditionsjO&thcujncQ^ioD*  -  * 


•"  ••.'.» 
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A    Table 

^  tSe  Proportions  for  Solving  the  Cafes  ofVvkiJX  Sail- 
ing :  in  the  Nautical  Terms.  


Cafej 


Given* 

Courfe 

and 

DiAance 


Sought. 

DifF.  lat. 

and 
Depart. 


Diflance 

and 
DifF.  lat. 


Courfe 

and 


DifF.  lat.  Depart. 


Solutions* 

R*:  cof.  courfe  ::  difl.  :  difF.  lat. 
R  :  fine  courfe  : :  dill,  '.departure 


Courfe 

and 
Depart, 

I  Dift. 

I 

and 


Dlft.  :  difF.  lat.  : :  R  r  cof.  courfe 
R  :  fine  courfef  : :  difl.  :  departure 

Cof.  Cour.:  R  : :  difF.  lat.  :  diftance 
R:  tan.  cour-  : :  difFJat. -:  departure 


Courfe     Dift. 
and         and 
Depart*  DifF.  lat. 


Diftance 

and 
Depart. 


I 


DiE-  lat. 

and 
'Depart 


Courfe 

and 

DifF.  lat. 


Courfe 

and 
diflance* 


Sine  cour.  :  R  : :  depart.  :  diflance 
Fan... cour.;  R  : :  depart.  :  difF.  lat. 


Dill;  :  depart.  ::  R  :  Sine  courfe 
R  ;  cof*  courfe  :   dift.  :  diff.  lat. 


DifF.  lat. :  depart.  : :  R  :  tan.  courfe 
Sine  cour.  :  R  : :  depart.  *.  diftance. 


Hence,  to  folvc  the  fix  cafes  of  plain  failings  is  no 
.more -than  to  folre  as  many  right  angled  plain  triangles.  -^ 


E-e 


PLAIN' 
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PLAIN.  SAILING,    Fig.  Zi. 

Case  !•  Given  the  coorfe  and  diftance  failed,  to  find 
the  difference  of  latitudt  and  departnre.- 

£xAM.  I.  A  fliip,  from  latttnde  i7r  30' N.  has  failed 
N.  W.  by  N.  147  miles ;  what  latitude  hath  (he  come  to,, 
and  what  departure  hath  fhe  made  ? 

The  courfe,  being  three  points.,  is  33°  45'^ 

To  find  the  difference  or  latitude  :  ^ 

As  Rad.  I  Cos  courie  1 1  Did.  I  diK  Lat.=  122.2  m^ 

To  find  the  departure. 

As  Rad.  I  Sine  courfe  : :  Dilh  I  departure=8i.7.  • 

To  ladtude  failed  from^         r2°  30'  N^ 

Add  diff.  of  latitude  2°     2' 


Sum  is  the  latitude  come  to  14°  32'  N.  . 

Exam.  2.  A  ftiip  from  latitude  20°  20'  N.  has  fafled 
265  miles  N.  £.  by  E.  4.  E.  5  required  the  latitude  come 
to,  and  the  departure  ? 

j^nf.  Latitude  22°  ^'  N.  departure  233.7  miles. 

Cafe  2.  Given  the  diftance  failed,  .and  difference  of- 
latitude,  to  find  the  courfe  and  departure. 

Exam.  i.  A  fhip  from  latitude  15.^  20'^ S.  fails  320 
miles  between  S.  and  W.  and  then  is  in  latitude  ip*^.  25^ 
S. ;.  required  her  courfe  and  departure?? 

A/j/.  Courfe  40°  3'  S..  Weft  ward,  departure  206- 
miles. 

2.  A  (hip  from  latitude  20°  49'^N.  fails  268  iniles  be« 
twcen  S.  and  E.  and  thca  is  in  latitude  17°  i'  N.  j  re- 
quired her  courfe  and  departure? 

A^if.  Courfe  S.  31°  43'  W.  departure  141. 

'  Case 
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'  Catc  3.  Given  the  difference  of  latitude  and  courfe, 
^toiind  the  diflance  and  departure? 

Exam.  i.  A^flilp  from  latitude  14°  17'  S.  fails  S.  E, 
1^  E,  udfil  (he  is  in  latitude  19""  10'  S^^  required  the  dif- 
*ta[nce  iailedi  aad  departure  ? 

>^/j/!  Diftaace  49  p. 8 /».  departure  395  w. 

2.  A  fhip  from  latitude  19°  39'  N.  fails  W.  N.  W. 
Jintil  (he  is  in  latitude  23°  30' N. ;  required  her  diftance 
and  departure  ? 

jin/.. D'l&anct  693.6  departure  557.6. 

•  Casb  4,'  Given  the  courfc^nd  departure,  ^ovfind  the 
idiflance  failed,  and  ^difference  of  latitude. 

Exam.  i.  A-ftiip  from  latitude  16°  16'  S.  fails  S.  W. 
by  W.  4.  W.  until  ftie  has  made  499  miles  of  Welling ; 
required  the  diAance  failed,  and  the  latitude  come  to  ? 
jinf,  X>ift.  565.8  m.  and  lat.  come  to  is  20°  43'  S. 

-  2.  A-  /hip  ftom  latitude  27''  37'  N.  faiJs  S.  E.  by  S; i 
£•  until  (he  has  made'  256  miles  of  Eafting ;  ];equired 
Jier  didance  failed,  and  the  latitude  come  to  ? 

jifif.  Diftancc  459.7,  latitude  21°  52'  N. 

"Case  5.  Given  the  diftancc  and  departure,  to  find 
the  courfe  and  difference  of  latitude. 

Exam.  *i.  'A  flrip  from  latitude  1°  3o''N.  fails  294 
miles  between  S.  and  E.  and  then  hasmade  i86TTiiIes  of 
Eafting;  what- courfe 'did  (he  ftecr,  and  \t^hat  latitude 
4iath  (he  come  to? 

jinf.  Courfe  39^  14^1  or  S.  E.b/S.  -J-'E,  and  flie  is  in 

4iititude2''  1 8' South. 

>Ee  2  2.  A 


^2%  navigation: 

^.  A  ihlpfrom  latitude  ip'  S.  fa'ils  396  nules  betweeft 
W.  and  N.and  thereby  made  219  miles  of  departure^ 
required  her  covrle  afid  latitude  come  to  ? 

Jnf.  Courfe  N.  34°  5 1'  W.  latitude  2*  22'  N. 

Case  6*  Given  die  dHTerenoe  oF  latitude  and  dcpaih 
ture,  to  find  the  courfe  and  diftance  failed. 

Exam.  i.  A  (hip  from  latitude  23°  28'  N,  has  failed 
between  N.  and  W.  until  (he  came  to  latitude  27''  i'  N. 
and  made  199  miles  of  WefUng;  required  her  courfe 

-  and  diftance  ?  jinf.  Courfe  N.  43°  3'  W.  dift.  291.5  «. 

2.  A  (hip  from  latitude  48^  30' N.  is  arrived  in  lati* 
tude  49^  54'  N.  and  is  got  54  miles  to^the  weft  ward  of 
her  departed  meridian ;  what  courfe  did  flie  fteer,  and 

-  what  diftance  hath  (he  failed  ? 

,  j^nf,  Courfe  32°  44',  or  N.  W.  by  N.  diR.  99.86  m* 

« 

Of  the  Taale  of  difference  of  Latitude  aad  Departurt, 

This  table  conGfts  of  numbers  exprcfling  the  fides 
of  right  angled  triangles,  the  diftance  being  the  hypo- 
thenufe)  the  difference  of  latitude  and  departure  the  two 
legs,  and  the  courfe  and  its  complement  are  the  acute 
angles.  Any  two  of  thcfe  being  given,  {except  the  two 
acute  angles)  the  other  parts  of  the  triangle  may  be  found 
'ty  infpeftion,  if  within  the  extent  of  the  table. 

Thediftances  i,  2,  3,  Ac.  at  top  and  bottom  of  each 
page  may  be  accounted  ic,  20,  30,  or  100,  200,  3«o, 
&c.  if  the  numbers  under  the  titles  of  difference  of  lad- 
*tude  and  departure  areincreafed  in  the  fame  proportion. 
Hence,  if  the  diftance  confifts  of  two  fignificant 
figures^  the' difference  of  latitude  and  departure  are  to 
be  taken  out  at  twice^  and^  if  of  three  figures^  at  thrice. 

^.  Given 
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^.  Ghren  the  courfe  and  diftance  failed^  to  find  the 
'SiffeFence  of  latitude  and  d<;parture. 

Find  the  courle  on  the  left  band  fide  of  the  page,  if  it 
be  lefs  than  45%  or  4  points  i^and  on  the  right  hand  fide, 
if  it  be  greater  than  45°^  and  even  with  the  courfe,  be- 
low or  above  the  diflance,  jeu  have  the  diHerence  of  la- 
titude and  departure. 

Exam*  i.  A  {hip  fails  S.«S.  W.  ^  W.  50  miles,  re- 
quired her  difFerence.of  latitude  and  departure  ? 

Courfe.  Did.  Diflf.  Lat.  Depart. 

2lp.  50  4i»85  25.75  the  anfwcr. 

2.  A  fhip  fails  £•  N.  E.  ^  £,  68  miles ;  required  her 
difference  of  latitude  and  departure  ? 

•Coiiire*  DiA.  DiflT.Lat.  Depart. 

6^  <5o  ao.2i  56*49 

8  3.06  7.39 

68  23.27  63.88  the  anfwer. 

3.  A  flitp  fails  148  miles  on  a  courfe  49®  S.  eaUwardy 
Tcquired  her  difference  of  latitude  and  departure. 

'Coorfe.  Did.  DifT.JLat.  Departure. 

49^"  lot  65.60  75.47 

40  26.24  30.18 

8  5.24  6.03 


mm 


148  97.08  IXI.68  theanfwerv 

2.  The  difFereuce  of  latitude  and  departure  being 
^iven,  to  find  the  courfe  and  diflance. 

,  Find  the  difference  of  latitude  and  departure  together 
In  their  column S;  or  the  ocareft numbers  to  them;  and- 

4hc 
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^he  courfe  is  on  the  fame  line  at  the  fide  of  the  page, 
and  the  diftance  at  the  top  or  bottom* 

When  the  difference  of  ladtude  and  departure  cannot 
be  found  nearly  in  the  table,  take  fome  part  of  eaclj^ 
fuch  as  ^,  y,  TT^>  ^nd  thefe  parts  being  found,  the  courfe 
is  even  with  them  on  the  fide  of  the  page,  and  the  fame 
part  of  the  diftance  on  the  head  or  foot  of  the  page,  as 
was  taken  of  the  difference  of  latitude  and  departure. 

Exam.  i.  Given  the  difference  of  latitude  59  miles 
S.  and  the  departure  68  miles  W.  5  required  the  courfe 
and  diftance  ? 

jinf.  The  courfe  is  49°  S.  -Well ward,  or  S.' W.  i  W. 
and  the  diftance  90  miles. 

In  this  example,  the  difference  of  latitude  and  depap* 
ture  are  found,  nearly,  in  the  .column  marked  with  9  of 
diftance,  and  even  with  49°  on  the  fide  of  the  page. 

2.  Given  the  difference  of  latitude  30  miles  N.  and  the 
departure  18  miles  £. ;  required  the  courfe  and  diftance  ? 

Here  the  difference  of  latitude  and  departure  are  not 
to  be  found  together  in  the  table ;  but,  dividing  each 
by  5,  the  quotients  6  and  3.6  are  found  under  7  of  dif- 
tance, and  even  with  31'' ;  therefore,  the  diftance  is  7  x 
.5=35  miles,  and  the  couffe  is  31°  N.  Eaftward. 

3.  Given  the  difference  of  latitude  86.2  miles  S.  and 
the  departure  42  miles  E. ;  required  the  courfe  and  dif- 
tance ? 

^Inthis  example,  divide  both  .86.2  and  42.  by  12,  the 
quotients  7.1a  an^d  3.5  are  found  together  under  the 
diftance  8,  and  even  with  the  courfe  26©  ;  therefore 'the 
courfe  is  26°  S.  Eaftward,  and  the  diftance  is  8  X  12  =9* 
miles. 

A  tabic 
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aay 


A  table  of  this  extent  will  do'  pretty  well  wheft  the ' 
courfe'  is  ertn  degrees j  or  points  and  quarter  points  of 
the  compafs ;  but,  when  the  courfe  ts  not  exaftly  found' 
in  the  table,  there  will  be  fome  error  in  the  anfwer. 

To  work  a  traterfe,  or  to  reduce  a  compound  courfe 
to  a-  fingle  one. 

Find  the  difference  of  latitude  and'  departure  for  each  ■ 
frngle  courfe,  and  place  them  properly  in  columns,  mark-^ 
cd  N.  S.  E.  W. ;  find  the  fum  of  each  column,  and  the- 
Afference  of  the  columns  N.  and  S*  will  be  the  difference- 
of  latitude  ;  alfo  the  difference  of  the  columns  E.  and  W, 
will  be  the  departure  which  the  fhip  has  mad6  in  the- 
whole  traverfc  ;  and,  from  thefe,  the  direft  courfe  and^ 
diftance  may  be  foaad. 

Exam.  I.  A  fliip  from  latitode  39°  30'  H.  meetingt 
with  cootracy  winds,  failed  S.  £.  by  S.  &j  m.  S.  £.  by  £.- 
53  m.  W..S.W.  45  m.  N.  E.  by  N.  74  m.  W.  57  m, 
■  and  S>  by  £.  83  m.  \  required  her  difference  of  latitudes- 
departure,  courfe,  and  diftance  from  the  place  i[he  failed 
from,  and  the  latitude  come- to  ?  Fig^  83. 


Courfes. 
S.  E.  by  S. 
S.E  byE. 
W.  S.  W. 
N.  E.  by  N. 

W. 
,  S.  by  E.. 


Dift. 

67 
53 
45 
74 
57 
8j 


N. 


6 1. '5 


61.5 


s. 

E. 

jr. 

SS'l 

37.2. 

29.4 

44*1 

17.2 

41. 1 

41.6 

57- 

81.4 

16.2 

98.6 

183.7 

138.6 

.• 

61.5 

98.6 

122,2 

40.  a 

By  thefc  different  courfes,  the  (hip  hath  got  122-2  »u 

to 


x^ 


I 
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to  the  Jbotb)  add  40  m.  to  the  eaft  of  the  place  ialkd" 
from.  Heace  the  coarfc  is  i  ^'^  f  foutfa-eaftward,  and 
the  diftance  1 28.6  nt.    The  latitude  come  to  is  37^  28'  N. 

2.  Yefterday  noon  we  were  ia  latitude  3^  18'' S.  and- 
iioce  theiij  we  have  plied  oa  the  following  conries^  viz* 
N.  N.  E.  22  m.  N.  by  W.  30  m.  N.  E.  by  E,  40  m.  E. 
&.  E.  25  m.  S.  S.  W.  18  m.U.  W.  by  N.  4  W.  50  m. 
N.  E.  ^  E.  42  »?.  W.  byS.  iW.4S«^-S- W.  by& 
20  «»k  E.  by  N.  J  £•  62  «r. ;  required  our  prefcnt  latitude 
aad  departure,  with  the  course  and  diftance  made  good  I 

Anf:  The  fhip  is  in  latitude  1°  3f '  S.  departure  58.4  /«» 
courfe  30°  32'  northcaftward,  or  N.N.  E.  \  E.  aad  difc 
tauce  115  miles. 

3.  A  {hip  in  latitude  45*^  N.  is  bound  for  a  port  in  la- 
titude 50®  57'  N.  bearing  N.  W.  by  W.  but,  by  contrary 
winds  is  forced  to  (tecr  the  following  courfcs,  yiz.^  N.  N.- 
W.  35  leagues,  N.  E.  by  N.  42  leagues,  W.  N^  W.  38 
leagues,  W.  20  leagues,  N.  Wi^by  N.  ^3  leagues,  N.  12 
leagues,  E.  N.  E.  39  leagues,  S»  W.  by  W.  48  leagues,. 
N.  by  E.  31  leagues,  N.  N.  W.  4  W.  38  leagues,  and 
W.  by  N.  45  leagues;,  required  the  courfe  and  diftance 
made  good,  as  alfo  the.  courfe  aad  diflance  from  the  (hip 
to  the  port  (he  is  bound  for  ? 

Anf.  The  courfe  made  is  34^  !•'  northweftward,  ^li- 
tance  210.7  w».  and  the  courfe  from  the  (hip  to  the  port- 
ly 47^  38^  fouthwcftward,  and  diftance  82  miles. 

PARALLEL    SAILING. 

The  diftance  of  two  meridians  on  the  equator  being' 
given,  %o  find  their  diftance  in  any  parallel  of  Jatitude> 
2Xid  vice  ver/a,.   Fig,  84* 

Let 


t 
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*  "■  ^  ' 

Let  EP  reprefent  a  quadrant  of  the  meiidian,  E  a 
'peiBt  Off*  the  equator  j  Pthe,  pole,  and  C  the  centre  of  the 
•€arth,  and  L  any  point  on  the  meridian  between  the 
equator  and  the  pole,  whofe  latitude  is  LE,  and  rts  com- 
•pkment  LP.    ~Draw  LB  parallel- to  CE;  then,  if  the, 
'quadrant  CPE  Tevc^ve- round  the  axis  GE,  the  point  E. 
will  diefcribe  the  equator,  and  the. point  L  a  parallel  of 
latitude.    Thefe  circles  arc,  in  proportion  to  eaich  other 
as  -their  radii  CE  v^d  B  L.    But  wholes  are  as  their  fi aii- 
lar  parts  ;  therefore,  any  part  of  the  equator  k' to  afimi- 
4ar  part  of  thie  parallel  of  latitude  defcribed  by  the  point 
^,  as  CE  Is  to  BL  ;  that  is,  as  the  radius  is  to' the  co-iine 
of  the  latitude.    Hence,  aS  radius  is  to  the  co-fine' df  any 
latitude,  fo  is  the  minutes  difference  of  longitiKk,  or  the 
diftance  of  the  two  meridians  on  the  equator,  .to  their 
<liftance  on  theparallel  of  latitude. 

Case  t.  Giyen  'the  latitude  and  'difFerencc  of  longj- 
i  tude,  to  find  the  diJftance  on  the  parallel. 

Exam.  i.  A  (hip  in  latitude  32°  N.  fails  due  W.  until 
her  difference  oF  longitude  is  384-milcs  y  required 'the 
diflance  failed  ? 

As  Rad.--  Cos*  lat.  32®  : :  m.  diff.  long.  384  ^  dift. 
^25.^. 

2.  How  many  miles  E.  or  W.  in  the  latiMide  of  56* 
are  equal  to  x°  of  longitude  ? 

^^f*  33*5  ^• 

Case  2.  Given  the  diftance  failed  in  any  parallel  of 
latitude,  to  find  the  diiFerence  of  longitude. 

.Ff  Ex  if  lit 
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E^AM.  A  fliip  from  latitade  53^  %&  N.  lotg^tnde 
lo"*  18'  E.  iaU$  4tuc  W.  2^6  m.',  required  her  pre&at 

longitude?  .  « 

^.;/.  3°4P^E  ,       ^  ^ 

Casb  3.  Given  the  di>Sercoce  «f  longimde,  0^4 the 

diIlaiM:e  AiMedi  t^  &^4  the  I^im4e43sf  IiIm:  ^BiaUel  £utol 

on. 
ExAU.  la  what  laduide  does  384  ]B»iles  of  meridioBtd 

;dinance  a&fw^r  to  509  nUes  difger^ace  of  ioo^tudei 

^«/  39°  49'- 

CASf:  4.  Hav'tag  the  diftftnce  of  nw>  pteces  in  a  givco 

parallel^  to  find  the  diftaoice  of  two  #l^er  pUces  lying 
iind^r  the  f^^me  -qaeridUns  with  the  forioer  ia  another 
^iren  parallel  of  latitude, 

£xAi««  Two  flaps^in  latitade  32°  «o'  N,  dift^t  from 
each  other  256  miles^  foil  direftJy  N.  until  they  ar<  in 
Jatitude  4-^°  30' Jfcf,  j  bow  far  are  they  then  afunder  i 

Anf.  216  «i. 

MIDDLE   LATITUDE  SAILING, 

Since  the  diftance  of  any  two  meridians  varies  with 
the  latitude,  when  a  fhip  fails  any  diftance  on  an  oblique 
rhumb,  and  thereby  gets  into  a  difiereut  latitude ;  what 
is  called  her  departure  in  plain  Ming,  is  n^  the  diftance 
between  the  meridian  of  the  place  £dled  from,  and  the 
meridian  of  the  (hip  in  her  prefent  latitude.  To  corteft 
this  error,  the  diftancc  of  the  two  ijieridians  in  the  mid- 
dle parallel  between  the  latitude  failed  from,  and  that 
come  to,  is  taken  for  the  true  departure ;  and  hence,  this 
jGorre<5):ion  Js  called  middle  Ic^itiiie  failing  i  which,  al- 
though 


J 


ifiongli  not  pcrfcdly  accurate,  anfwers  pretty  well  for 
Keeping  air  account  of  the  (hip's  difference  of  longitude 
in  finall  diftances,  fuch  as  one  day's  failing. 

The  con^putatiens  depend  OQ  the  following  rules : 

J.  Take  the  half'  fum  of  the  two  latitudes  for  the 
middle  latitude  >  and  then^  by  parallel  faiUng^  as  cb-finc 
of  middle  latitude  is  to  the  radius,  fo  is  the  departure  to 
the  difference  of  longitude.     Or, 

2.  Becaufc  Cos.  mid.  lac  •  Rad. : :  Dep.  '.  DIC  long  >. 

therefore^ 


Cos.  mid.  lat.  x  DifE  iioDg.  =2  Kad.  x  Depart.  5  but, 
Diff.  lat. :  Dep. : :  Rad,  :  Taa,  courfc  5  ^thefefore. 


I  II  (■  I  i*—t»^' 


-       I  •      -  I  ■  «i  n  »        ti,  tf I     II         I  <i 


DilF.  lat.  X  Tan.  courfe=Gos.  mid.  lat.  x  diff.  iong.. 
Hencc,  as  Cos.  mid.  lat.  is  to  Tan.  courfc,  lb  is  diflf.  lat» 
to  diffriong* 

Case  i.  Given  the  latitudes  and  longitudes  of  twa 
places,  to  find  theirs  bearing  and  diftance. 

'  Ex^M.  I.  Wh^l  is -the  courfe  anddiftancc  from  Gaper 
Clear,  in  Ireland,  in  latitude  51^  r8'  N,  lon^tude  ^^  5c/ 
W.  to  the  ifland  of  S«t  Mary>  one  of  the  Azores,  in  la- 
6tude  37°  N.  and  longitude  ^^''  ^6[  W.  ? 

Diff.  lat.  14°  iS  =2  858:  nu  fumof  lats.  =  88""  i8\  mid., 
lat.  ;=  44"  9'-  I>lff.  long.  =  13^'  6'~7  86  m^^     ^ 

Then,  a*  Diff.  lat. :  Diff.  long» ': :  Cos.  mid.  lat. :. 
Tan.  comfe=:33^  19',  or  S.  W*  by  S.  AC^^rly. . 

As.  Cos.  courfe  :  Rad. : :  DHF,  lat  :  Diftiri&ad.y 
miles. 

Jix     ,  a.  What 
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2.  What  is  the  courfc  and  diftance  from  Lekh^in  fev- 
titude  56°  N.  longitude  3°  W.  to.  Bergen,  in  latitude  6oq 
N.  and  longimde.6^  E. 

Anf.  The  courfe  is  500  northeaftward,  or.Ni  E^-J-E- 
nearly,  and  diftancc  is^  3 73'.  3  mil??. 

Case  2.  One  latitude,  courfe,  and  diftance  failed  being 
given,  to  find  the.  other  latitude  and  diiFerence  of  longi-^ 
tude. 

Ex^Ms^.A  /hip  from  the  Lizard  in  latitude  5p^  N. 
and  longitude  5^  14'  W.  fails  150  miles  on  a  courfe  50<^ 
i>  fouth-weftward  5  required  her  latitude  and  longitude  ?' 

Anf  Lat4tudet48°  24^  longitude  S""  lorW. 

As  Rad.  :  Cos,  courfe  ! :  DVft.'  I  Diff.  lat.  np&a  w» 
—1°  36';  therefore,  the  latitude-  ©f  the  fliipis4y  24V 
and  the  middle  latitude  is  49    12',     As  Cos.  mid.  lat.  :, 
Tan.  courfe::  DlfF.'  lat.  '  DifT.  long.  176  ««.  or  2^*56'. 
In  the  fame  naanner,  examples  may  be  wrought  in  all  the 

cafts. 

•  ■ 

a.  A  fhip  from  latitude  55**  57''N.  longifude  6**  30'- 
W.  ftils  N.  W.  by  W.  2*1  a  miles^;  required*  her  longi- 
tude and  latitude  l* 

Anf,  ,\^^^xxAt  w""  ii  W.  latiftid657^^5-5-  N. 

Case  3.  Given  the  diftance  and'difFerence  of  latitude, 
to  find  the  courfe  and'diflfSrence  of"  longitude. 

Exam.  i.  A  (hip  from  latitude  48""  30'  N.  fai^s  194- 
miles- b'ctAveen  N.  and'W.'  and^hen  is  in  latitude  5^0°  N* 
required  her  eouffe  and  diflfercnce  of  longitude  ? 

AnJ.  Gourfe-^^ 22',  or  N*  W.  by  W;  4-  W.  differcBce 
®f  longitude  4°  23'  Wl, 

■         a*A- 
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^.  A  Ihip  from  latitude  47^  27'  N.  longitude  150  "W* 
l^s  424aiiiles  between  N»  and  £•  and  then  is  in  latitude 
^i^  59'  N.  i  required  hcr.courfc  and  longitude  ? 

-^»/:  Courfe  50"  6'^  or  N.  £•  4  E.  longitude  ,6^  3.7'' 
W.  •       • 

Case  4.  Given  the  courfe  and  difference  of  latitude^ 
to  find  the  diftance  and  difference  of  longitide* 

Exam.  I.  A  fhtp  fronv  a  port  in  latitude  49°  ip'N.. 
and  longitude  12°  14'  W.  fails  S.  S.  E,^.  E.  until  ftic  is  id 
latitude  45°  219'  N.>  required  the  diftance  faUed,  and  the 
longitude  of  the  fliip  ?    ' 

Jnf.  Diftance  23^  m.  longitude  9^  2V  W. 

2.  A  ftiip  from  latitude  45°  30'  N.  and  longitude  17* 
30^  W.  fails  N.  W.  by'W.  ^  W.  untH  (he  is  in  latitude 
49°  32'  N. ;  required  her  diftance  and  longitude  ? 

^/^I  •  Diftance  470.7  w,  longitude  27*^  28'  W. 

Case  5..  The  courfe  and  departure  being  given,,  to. 
ffnd  the  diftance  failed,  with  the  difference  of  latitude^ 
and  of  longitude.  .  ' 

ExAM^  A  (hip  from  latitude  50®  20'  N.  and  longitade 
4f  Lz'  E.  fails  E.  N.  E.  until  her  departure  is  1 19  miles  :. 
Required  the  diftance  failed,  with  the  latitude  and  longi- 
tude of  the  (hip  ?. 

-^/i/I  Diftance  128.8  m.  latitude  5 1°  9'  N,  and  longi- 
tude 7''  20'  E. 

Case  6.  The  diftance  failed  and  departure  being  giveo^^ 
to  find  the  courfe,  the  difference  of  latitude  and  diffe- 
rence of  longitude* 


u 
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ZxAMv  A  iluptfii(unUtitiide58i>2o'N«andIcigi«(3e 
4^  1 2'   W.  fails  25<S  miles  beiweea  S*  and  £«  and  th^ 

has  made  t28  mitfls.0f:e3iffliig:  Reqdped  ber  courfe,  H* 
titade  and  kmgitude  2 

yf/j/I  Courfe  S.  30°  E.  latitude  54°  40',  longi  0°  2</ 
W. 

Case  7*  The.differcnec  of  laritudc  and  dcparttirebe- 
ing  giTcni  to  fiod  the  Goiir%  the  £ftaace.faIted9..aDd 
cBiFereckce.of   on^^de. 

Exam..  A  ihip  from  latitude  42'^  3c<^'^S.  and  loa^tadt 
43O  12'  W.  fails  be*  ween  S.  and  W.  until  flie  is  ialad* 
tude  49^  2'  Sv  and  has  made  212  mUes^  of  welUng :  Re- 
quired her  courfe».  diftance  and  longitude  i 

Anf,  Courfe.  S*  28**  24'  W.  cBftaoce' 445.7  and  lon^ 
tude  48°  16'.  W. 

QueAioBs  ia  mlddk  latltode  may.  be  folved  by  the 
Table  of  diiference  of  latitude  and  departure. 

Case.  i«  With  the  complement  of  the  middle  latitude 
found  among  the  courfes,  and  the  difference  of  longitude 
among  the  dillances,  find  the  departure  in  its  column. 
,  2.  With  the  difference  of  latitade  ajld  departure  found 
together^  you  have  the  courfe  and  diftance  as  in  plain 
iailing. 

'  Exam.  Let  the  difference  of  latitude  tt=  858  w.  the 
iRfierence  of  longitude  =•  786*  m.  the  middle  latitude 
==  44**  9',  and  its  complement  =  46°  nearly,  as  in  exan> 

Goindb.  JDifLLong.  Depart. 

46^  700  5^3-54 

80  57.54 

6  4-3» 

786  S<55^9 

The 
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Tlie  difference  of  laritnae  being  85B,  aird  the  dcpar- 
tore  565.391  if  l*«ft  be  divideiUjy  128,.  the  quotients 
^*703i"  and  4*4171  aw  nearly  found  tven  v|ith  the 
courfe  33^  under  the  dSftance  85  therefore,  the  courfe  is 
33^,  aad  -diftawce  118  K  8  =  1*24  miles. 

Case  2.  Wkh  the  couife  fotmd  ambng  the  degrees^ 
and  the  diftance  in  its  column,  find  the  difference  of  la- 
titude  and  departure,  as  in  plain  failing. 

2.  Pind  the  comp.  of  the  middle  latitude  among  the 
couries,  laad  the  departure,  or  foaie  part  of  it,  in  its  eo- 
luann ;,  the.  <:;orrerppndiiig.  diftanoe  is  the  ditference  of 
loBgitude,  or  a  part  of  it. 

Exam.  A  (hip  frpn»  latitude  50^  N«  fails  ti^o  w.  on  a 
courfe  50^  South-^wefi^x^rd  \  .regiurjcd  hier  difference  of 
latitude  and  of  Ipi^gitude  ? 

To  tbis  cptirft  50%  and  diftaQ£«  t5#  i».  the  diiFerence 
of  latitude  and  depaittire  are  9^.4  and  i  \j^^gm; ;  thece«* 
fore,  the  (hip  is  in  48^  24^  N.  The  middle  latitude  is 
49^  12^  and  its  comp*  -near  41%  Divide  ;the  departure 
1 14.9  by  22,  the  quotient  is  5*222;  which  is  found 
'even  with  41°  bdow  8 ;  therefore,  the  difference  of  lon- 
^tude  is  8  X  22=  176  m.  W. 

Ho  work  0  TRAVEnsB  bj  Middle  Latitude^ 

t .  Fmd  the  difference  of  latitude  and  departure  for 
each  courfe,  as  in.pkio  failmg. 

2.  Make  two  columns  marked  E.  and  W.  \  find  the 
difiereace  of  ipngitude  made  on  each  OHurfe,  and  place 
them  in  their  proper  columns  f  the  difference  of  their 
fums  is  the  difference  of  longitude  made  in  the  whole 
traverfe^ 

Exam* 
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ZxAM.  A'lhlp  from  latitude  50°  N.  aod  Jongitudel^ 
14'  W.  fails,  I  ft,  W.  S,  W.  a6  m.  2d.  S.  E.  by  E.  3c  ». 
3d,  S.  VV.  by  W.  4.  W.  36  «.  4th,  W.  64  Bi.  5lh,  S. 
W.  4.  W-  25m.  fith,  S.  E.  by  S.  37  m.  7tb,S.ty  W^W, 
40  m. ;  required  tbe  latitude  and  JoDgitnde .  of  the  Aiih 
"wuh  the  dlreftcourfe  anddiftaoce  made  good? 


wsw 
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Depiit,  103.J  Diff,  I*ng.  isS.jo 

•r  a°  38' }  hence  the  fliip  is  in  -loDgimdc  8^  5  2'  W". 


J^r  the'  Cear/i  and 

Dijanci. 

"Departed  latitude 

=  50"  o'N 

Difference  of  latitude  12901 

.=      -398 

Prefent  latitude 

4;5'N 

Middle  latitude 

48  S5 

.    Asditr.  IhC                   =:  129.2       2 

Asfinecour.  38''5-z' 

Is  to  diff.  long.          158.; 

Is  to  radius, 

SoisCos.mid.ht.  48°  ss' 

So  is  depart. 

103.3 

To  tang,  courfe     38    52 

To  diftance  = 

64.6 

orS.  W.  byS. -i-W. 

This  is  riietrue  way  of  Mforking  a  traverfe  by  n 

liddlc 

tititude;,biit  many  leaioeB  work 

the  fame  w-iy 

asifi 
pUia 
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plain  fliiling ;  andi  havingcfouad  the  courfe  and  Stance 
madei  atfd  the  htitode  ccnae  toj  they  fifid  the  middle  la^ 
titade.;  and  theiiy 

As  co-fine  of  middle  lat.  is  to  tangent  of  courfdj  ■ 
Sa  is  diii^encf  of  latitude  to  difiereace  of  longitude.- 

»  ■ 

Or,,  by  the  Traverie  Tablc^ 

Find  the  complement  of  the  middle  latitude  among  the 
conrfea,  and  the  departure  in  its  column,  then  the  di{^ 
tance  anfw>ering  thereto  is  the  diiierence  of  longitude-: 
And  this  method  is  correft  enough  for  any  run  that  can  . 
be  made  in  one  day  in  l&iiradt»  ]e&  than  54°;  but,  in 
higher  latitudes,  it  is  necei&ry  to  find  the  difference  of 
longitude  to  each  cottrie,  as  ia  this^example* 

MERCAtOR's    SAILING. 
This  method  o£  iblvtng  nandeal  queffions  is  a.  correo 

• 

tton  of  the  ernors  of  the  plain  chart,  propoied  by  Mrr 
Gerarj>^  MfiuaATOR,  a  Flemng^  wha  publifiied  the 
iirft' chart  of  this,  kincl  about  the. year  1550.'  Its  true 
principles  were  difeovcred,  aud  demonftrated  by  Mr* 
Edward  Wright,  about  the  year  1590* 

IniMercator*s  chart,  the  meridians  af^>  parallel:  right 
lines  \  but  ta  correft  the  errors  arifingfrom  thence,  the 
degrees  of  latitude  are  enlarged  ia '  tbei  fame,  proportion 
as  the  degrees  of  longitude  arc. 

Thus,  Northi^g  and  Southings  is  evisi^  where  propoiw 
nonal  to  Eafting  and  Weltiog  \  and  the. bearings  of  places 
from  each  other  ace  the  fame  on  this  chart  as  on  the 
globe  itfclf..  The  length  of  any  degree  of  latitude  itt 
this  projeflion,.  is  determined  by. the  following  theorem^' 

•        '.eg,     ....  -fb^. 


»j4  NAT  I  G  A.  TI  on;- 

•     •   '  •  • 

The  natural  leDgtkof  soifput  of  the  merldlair,  {Bc& 

^TkS  r.'y  is  to  it3  kngtli  oa  M^rcatox's  chart,  as  radius  is  toe* 

the  fecant  of  the  iatitode  of  that  part  of  ihe.  meridian*. 

LetEP  be  a:  quadrant  of  the  inert<!|{lui,  E-a^  point.  oii> 
the  equator,  P  the  pole,  C£  the  radius  of  the  equator^. 
LB  the  co-fiuQ  of  the  la^tude  of  the  point  L,  and  CS  thcr 
iecanc  of  that  latitude^  Becaufe  the  triangles  C£A^ 
eSE  are  fwiilar^  CA  :  CL.: :  GE  :  CS  •,  that  i«,  as  Cos*  . 
lat.  :  'Rad, :  :.Rad. :. Sec.  lat.  ^.but  as  Cos.  lat.  is  to  Radi^ 
&  i3  any  part  of  that  parallel  of  latitude  t«  a^fimilarpart 

.  of  the  equator;,  therefore^  as  radius  is  to. fee*  lat.  to  i% 
any  part  of  the  parallel.to  a  fuaailar  part  of  the  equator*. 
But  the  equator  ifi-equaL  to  the  meridian,,  asf^  being  both 
greai  circles  ;  and,  in  Mercator's  chart,  every  parallel  oc 
latitude  is  equal  to  the  equator  v,confequently,  the  natural! 

•  length  of  any  part  of  a  parallel  of  latitude  is  to  its* length. 
on  Mercator's  chart)  as  radius  is  to- the  fecant  of  the  la- 
titude ^.and  therefore,  to  enlarge  the  fereral  parts  of  the 
meridian  in.  the  fame  .proportien,  the  natural,  length  oF 
any  part  of  the  meridian  muft  be  to  its  kngtb  on  Mer«- 
cator'^  chartj  a»  radius  is  K>>tfae  fecant^of  the  latttode  o£  ' 
that  part  of  the  fflei4dian«  .    . 

The  kngths  of  the  feveral  part*  of  the  enlarged'me- 
ridian  -being  calculated'  and  ranged  in  order  in  a  ^ble^ 
Mxe€2iXci.  f?ierJdiozmi  parts. 

'  Mr.  Edward  Wright y  who  calculated  the  firft  tables 
made  the  meridional  parts  for  i  minute  equal  to^  the  fe- 
cant of  I  minute  ;.  for  two  minutes,  equal  tothe  fum  of 
the  fecants  of  i  and  2  minutes-^   and^  for  3  onnutev 
equal  to  the  fum  of  the  fccants  of  i,  2,  and  3  minutes;^ 
aadib  ouj  by  a^conHant  addition  of  Xecants. 

^    •     There- 


"W'AT  1  G  A  T I-O  N. 


^3$ 


'  There  is  In  moft  books  of  Navagation,  n  table*  of  me- 
indional  partS)  from  which  the  meridional  parts  anfwei^ 
ing  to  any  ktitnde  may  bejiad,  and  coniequently  tKe 
meridionil  difference  of  latitude  by  fubtraftion  or  addi- 
tion, -according  as  the  latitudes  are  of  the  fame  or^of 
contrary  names.         '  -  •     . 

Let  A  and  C.  Rg.  86.  rcprefent-^y  two  places  lying 
in /different  latitudes  and  longitudes^  properly  laid  down 
on  Mercator's  chart.  Let  Al)  be  the  meridian  of  the 
place  A.  5  draw  AC,  and  from  Clet  fall  the  perpendicu- 
^lar  CD;  fet  the  proper  difference  of  latitude  from  ^A  to 
B,  and'  draw  BE  parallel*' to  DC,  then  AE  Is  the  true 
diflaiice  of  the  places  A  and  C.  AC  the  enlarged  dif^ 
tance,  AD  the  enlarged  difference  of  latitude,  DC  tke 
difference  of  longhiide,  and  -^BE  the  departure. 

Case  i.  Given  .the  latitudes  and  longitudes  of  twe 
places,  to  find  their'bcaring  and  diflance. 

Exam.     Required   the    courfe   and    diftance  from  " 
CaitJinefs-point,.in  the  north  of  Scotland,  in 'latitude 
56°  46;  N.  longitude  3   I7'  W.  to  New  York  in  North 
America  in  latitude  41°  5'  N.  longitude  74''  15'  Weft i 

The  proper  diff.  lat.  is  17''  41*'=  loiSi  m.  and  the  diff. 
long,  is  70**  58'=4258  /».  ,  ^ 

sThe  meridional  partsanfwering  58"^  4<^'=43€2.i      > 
Ditto  41''    S'= 2708.3 

'JMeridional  difference  of  latitude  =  1 673.8 

I.. As  Mend.  difRJat.  :  Diff.  long.  :"   Rad.  :  Tan. 
courfe=68°  32',  or  W.  S.  W. 

2.  As  Cos;  courfe  :  Bad.::  Prop.  diff.  lat.  I  Dlft; 
=2899.2  nu 

'•G.g-gi    ■  E-JtAM. 


i36  Navigation: 

ExAU.  2.   What  is  the  coiirfe  and  diftance  from  . 
I^etthyin  bdtade  5^  N.  longitude  3**  W.  to  flergen,  in 
Norway,  in  latitude  60**  N.  lonptudc  6**  E.  ? 

jfpf  Courle  N*  50^  £.  Biftance  373.3  iiiiles. 

Cass  2.  Given  the  latitude  and  lon^tude  of  the 
place  failed  from,  with  the  courfe  and  diftance  failed,  t^ 
find  the  latitude  ancf  longitude  of  theihip^ 

.  Exam.  A  (hip  takes  her  departure  from  a  place  ia 
latitude  51^  i«'.N.  longitude  9**  50'  W.  and  .fleers  S. 
33°  8'  W.  until  (he  has  run  1024  milesi  .required  her 
prefent  latitude  and  longitude  ?       > 

Mf.    Latitude  37**  x'  N.  longitude  22*"  5if'  W. 

2.  A  (Mp  from  latitude  56""  N.  lon^tude  3"^  W:  laite 
^.  £^  by  N.  3  73^9  required  'her  prefent  latitud'e.wd  lon- 
gitude? 

jinf.  Latitude  61''  10'  N.  longitude  3**  38'  £.     . 

Cass  3.  -The  courie  and  difference  of  latitude  bdag 
given,  to  find  the  diftance  failed,  and  difference  of  longU 
tude. 

L^XAM.  i.  A  fhip  from  latitude  5^°  4'  N.  and  longi- 
.tude  3^  W.  fails  N.  N.  E.^E.  until  (he  is  in  latitude 
<$o<^  29'  N* ;  required  the  diftance  failed,  and  the  longi- 
tude cometo*? 

y^fjf.  The  diftance  is  293^^1  milesj,  o^sd  the  fliip  bath 
come  to  0°  59'  E.  longitude. 

2.  A  (hip  from  latitude  5a*  20'  N*aad  loogltude-6<> 
24'  W.  fails  W.  S.  W.  i  W.  until"  (he  is  in  latitude  47'' 
49'  N. ;  what  diftance  hath  (he  failed,  and  what  loo^ 
.tud^  hath  (he  come  to  ? 

.  Jfif.  Diftance  failed  is  804^5  miles,  and  the  lon^tudc 
come  tois  26°  5' W. 

-.,        "     ■  .  Case 
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C A«E  4.  Oiven  the  difference  df  UthtKle auddiflance, 
to  fiiid  the  courfe  and  difference  of  longitude. 

Exiu.  I.  Aflrip^fomWitade53*'i4'N.  an.d16ngi- 
ttide  2^'£.  fiiib  ^56  miles  between  N.^and  E.  and  then 
18  in  latitude  56°  N. ;  required  her  courfe  and  preient' 
loog^tode; 

jinf.  Courfe  4>''-35'  Nof tfaiaftward,  or  "^N.  £•  ^E. 
longitude  7"*  ij/ E. 

2.  A  ftupifiroor'latitude  40°  25'  S.  ^nB^Ioiig^tttHe  46^ 
rrj'  W/faiU  41  jtniles'betvneen-N.  and^E.-anid  is  then  in 
latitude  36^  19'  S.  ;"what  washer  courfe/ and ^bat'lon- 
'gitude  hath  (he  come  to  ?         . 

jinf*  Courfe  53°  27',  or  R'JE.  j  E.  and  the  fbip  has 
come  to  longitude  33°  22' W. 

Case  5.  The  larftude  i^ed  from«'the  courfe  and. dif-   * 
fereace  of  lof^ltude  beiqg  given  i  to. find  -the  diAance 
failed  and  the  latitude  of  the  fbip. 

Exam.  A.jfhip  from  la^tude  45^  3^1'  1^.  and  longi- 
tude i*>  24'  W.  iails'W.  N.  W,iW.  unta  flicis  ia 
xo^  ^5'  W.  lon^tuide;  required  the  diAance  iaiied^  and 
theJati^de  of  .the  (hip? 

Aitf,  Diftaace  392  miles,^  anii  the  Qilp  is.in  latitude 
,470  43' N.  .      '     . 

.  Case  6*  The  latitude  and  longitude  of  the  place  failed 
from,  with  the  courfe  and  departure  being  g^veni  to  find 
the  diftance  failed,  with  the  latitude  and  longitude  of  the 

Exam.   A  fhip  from  latitude  46^  24' S.  and  longi- 
tude 4*"  24'  E.  fails  E.  N.  E.  I  Jjl.  until  (he  has  made 
256  miles  of  eafling }  required  the  diftance  failed^  with  ' 
the  latitude  and  longitude  6f  the  fliip  ? 


•J 


cas 
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^.  IManee  298.4.191.  Latitade  430  51^  Long.  10% 
26'  £. 

I  '    -  •  • 

Case  7«  ^be  difference  of  latitude  and  dcpartore 
being  given,  to  find  the  courfq,  dlAance  and  diiierencc 
oflon^mde. 

Exam.  A  (hip  from  latitude  60^  24^  N.  and  lon^- 
ttide  43°  W»  falls  between  5»   and  £.  until  flie  is  ia    . 
latitude  56^  36'  N.  and  has  made  226  miles  of  depar- 
tore;  required  her  courie,  diAance  and  longitude? 

'Ai^*  Courie  S.  £.  aeariy.  Diftance  325.4^.  ani 
the  longitude  of  the  fliip  35°  4/  W.  * 

A  Traverje  iy  MERtATOR'j  '^aiUng. 

Suppofc  a  fhip  from  latitude  68^8' N.  and  longi- 
tude 8^  40'  £•  has  failed  the  followrag  courfes,  v/z*  N.  £• 
by  N.  63  m.  N.  E.  36  m.  N.  N.  E.  5^  iw.  N.  30  i»* . 
N.  W.  by  N.  25  m.  N.  N.  W.  4^  W.  36  w.  N.  by  E. 
40  m.  N,  E.  by  E.  i  E.  72  w.  S.  E.  jjo  m.  and  E.  N.  E. 
'65  f». ;  required  the  thip's  latitude  and  longitude,  with  , 
lier  courfe  and  diAance  from  the  place  >vhere  ihe  has 
come  to,  unto  the  North  Cape  m  -latitude  71^  27'  N. 
-and  longitude  26°  30'  E.  ? 


"Cwr/^* 
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I.a;u.  IMerid 

69  30 

6^.57 

70  49 

7?     19 

71  4C 


7a     M 
73    aj 


7»    49  •    l»4 


73^    14 


145 

66 
103 
130 
117 


U 


DiCLong.  715.8 


\ 


or    i»   id's 
Xieparted  L«ng.  &  40  B 

Ship's  L<»g^<    ao   5^^ 

•  -  * 

For  the  courie  and  .dtflance  from  the  (hip  to  the 
Borth  Capcj,  • 

•       Ship's    kt..  73*"  T4/t  6.583 

Cape's  lat.  7,1    27  6230 


I    47  =  107' 
Cape's  lon^tnde  26^  30'; 
Ship's  longitude  20    ^6 

S-    54 
.  60 


353=merid.  di£r.iat» 


•    .     3S4 

The  meridionat  dlfTerence  latitude  being  nearly  equal- 
to.  the  difference  longitude,  the  courfe  is  4  poinu  or  S; 
E.  and  the  dillance  from,  the  fhip  to- the  Cape  is  1521 

aules  Acarijr^ 

Whctt 
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When  a  table  of  meridional  parts  is  not  at  band,  the. 
defeA  ma^  be  iupplied  by  the  logarithmic  taoge&ts.  See 
R^bertfotfs*  Navigation^. 2d  editim^page.^'^z* 

1.  To  find  the  meridional  partS:  anfwering  to. any 
given  latitude* 

To  half  of  the  QVtn  latitude  add  45?  \  find  the  loga- 
rithm tangent  of  the  fam^  rejeft.the  index,  and  of  the 
reve.n  remaining  figures^  point  off  three  on  the  right  hand 
for  decimals V  then  idi^de  by  1.2633.1  i4j,theqaotient  is 
.  the.  meridional  parts  recjnired*  . 

Nate.  1 .2633 1 1 4  is  the  natural  tangent  of  5 1  **  3 8'  9'-. 

•  •  •  ■ 

Ex^M.  Required  the  meridional  parts  anfwering  to 
60^  of  latitndfc  ?  '-rf^j/I  4527.35. 

Thehalfof6Q^is3o' 
To  which  add        45' 

.        Sum    75"^        whofe  logarithmic  tangent  is 
10.5719475.    This  without  its  index,  and  pointed  by 
the  rule.is  57i9»475i  and  then  divide  it  by  1.2(533  ii/f. 
1.2633114)5719.4750(4527.36  the  anfwer. 

2.  Required  the  meridional  parts  anfwering  to  latitude 
.55°  24'?'.  -^i/.  40 1 0*019. 

The  half  of  55"^  24'    is     27°  4^' 
To  which  add    45*^ 

•  _  / 

72®  4 2Mog.  tan.  10.5065903. 
^.26331 14)5065.9030(40^0.019. 

2.  To-  find  the  meridional  difference  of  latitude  be«* 
tween  any  two  places^  their  latitudes  being  given. 

Whea 


o 
.0 


A^'A.  , 


\    '     .      ^ 


tften^tbc  given  pkcQ  «re  both  bi  aosrtb^  or  bf>tti  m 
Ibuth  latkode, 

*  Take  the  difference  of  the  logarkhto  t^ngfetits  of.  th« 
haif  coffl^eimeats  of  the  l^ditudeft^  actroimt  £wr  figures 
xxf  it  fi^xtthe  index  to  beiAtegerfi,  and  th^n  divide  it  by , 
I -263  J 1 14^  the  4{Uoti6ilt  is  this  lo^diioiial  d^er^nce  of 
latitude. 

£xAiit»  I.  Sequin:d  the  meridional  dtfierence  of  lati-* 
Jtude  between  13°  3o^'find^ft°  North  latitudes? 

Log.  Tan*  v 

The  half  o^ipp.  of  13^30*    is    S^^S'    p-^p^?"^^ 
The  half  comf •  of  50   00    is    20    eo    9.5610659 

J3S6-4S7 
i.a«33ii4)335<J«457o(2*5<^*87  ' 

»  •  .  ^ 

a.  Required  the  meridional  difference  of  latitude  be- 
^^vcenthe  Wizard,  in  latitude  49°  57'N*'arid  Cape  Verd, 
In  latitude  m""  43' Nordi  ? 

An/.  tSl^.^Z^ 

'Log.  Tin. 

tialf  complement  of  114*43'  5s  37*  38t    9-^872024 
Half '^jomplement  of  49**  57'  »  ao** .  x'4-    p.5^i<555 i 

3255.473  . 

1.2633  ii4)3255-473o{25^^-93 

"When  one  phqe  Js  in  North  latitude  and  the  other 

in  So!ilib>  add  po"*  to  one  of  the  latitudes,  and  take  half 

t>f  the  fi^qa  for  llic  half  compkmentof  that  latitude  ;  take 

%^  dA  €<)mpkn«ai  ctf  the  other  latittide,  and  divide  the 

^H  b  difference 
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•  • 

difference  of  the  logarithm  tangents  of  thefe  tvo  liy 
.1.26331  i4i  the  quotient  is  the  meridional  difference  of 
latitude.     Otf 

Take  the  half  complements  of  the  latitades  as  be-r 
fore^i  take  the  fnm  of  the  logarithm  co-tangents  o£ 
theTe,  rejedling  the  indtces,  and  divide  it  by  1.2633  xi4. 

Exam.  i.  Required  the  meridional  difference  of  lati- 
tude between  50"^  S4'  N-  ^^^  ^9""  ^4^  ^*  latimde? 

'    50^  54' 
add  90    00 

140    54  half  of  this  is       700  27'     10,4496481 
halfcomp.  of  I9°24'is35    18       98500575 

•  Difference    5995.906 

1.2633114)5995.9060(4746.18 
2 .  Required  the  meridionai  difference  -of  latitttdey  be- 
tween the  Lizard)  in  latitude  49°  57'  N.  and  the  ifland 
*of  St.  Helena,  iq  latitude  15°  45'Southi 

Jnf.    4426.93. 

C«-tang.  without  indes. 

Lizard's  half  comp.  lat.  is     *     20°  I'i  43^3443 

■St.  Helena's iialfcomp.  lat.  is    37    75.  1209154 

5592.602 

n .  2633 1 1 4)5  ; 92.6020(4426.93 

By  thefe  rules,  the  meridional  parts  ia  any  latitude,  or 

■^the  meridional  difference  of  latitude  between,  any  two 

jjlaces'ro^y  be  found,  and  all  queftions  in  Mcrcator's 

failing  anfwered  in  the  ufual  Avay ;  but  the  fame  thing 

•may  be  done  by,  the  logarithmic  tangents  aloi^^/withost 

^the  meridional  juirts*    Fojf  it  b  demcnfirated  in  the 

Pbiloiqphicd 
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Philofophical Traafaftions, N*  319^  That  the  meridional^ 
line  on  Mercator^s  Chart  is  a  icale  of  the  logarithm  tan- 
gents of  the  half  complements  of  the  latitudes.  That 
thefe  logarithm  tangents  of  Mr.  Briggs*  iovm^  arc  a  fcale 
of  the  differences  of  longitude  upon  the  rhumb,  which 
makes  an  angle  of  51°  38'  9"^  widi.the.  meridian  ;  and,- 
that  the  differences  of  lon^tude  on  different  rhumbs,  are 
to  one  another  as  the  tangfents  of  the  ang)es,  which  thefe 
rhumbs  make  with  the  meridian.  Hence, 
As  the  difFerence  of  the  logarithm  tangents  of  the  half 

complements  of  the  latitudes  of  any  two  places, 
Is  to  the.  difference  of  longitude  between  thefe  places^ 
So  is  the  tangettt.of.5i°'38L' 9'!' (Log.  10.1015104) 
To  the  tangent  of  the  courfe. 

By  a  right  applicatipn  of  this  rule,  all.  the.  cafes  ins 
Mercatat^sfailihg^^'mjij'  be  &lved.. 

EXAM  P  L  E  S. 

I 

Case  i.  What  is  the  courfe  and -di (Vance  from  Caith- 
nefs-peint,  in  latitude  5  8°  46^  N.  and  longitude  3  17'  W. 
taNew  York,  in  latitude  41  ^  5',  N/  longitude-74''  15'  W.  ?  " 

JLatitudes.  x  Lag,  Tang; 

41°    5' half  complement  is  24^  2 7'x  9^6578665  > 

5?    46  half  complement  is  I  s    37      .       9.4464107 

DilFerence     2114.558  > 
The  difEbrence  of  lopgitude  is  4258  mm. 
AsdifF.  oflog.  tan.  of  half  co-lats.21.f4.558     3.3252195-' 
I&  to  diff.  of  long,  in  minutes.        4258.       .   3.6292057 
So  is  the  tangeat  of-  5 1  /  3  8'  9''  1 0.1  c  1 5  ^  04 .. 

To  the  tangent  of  courfe-    .        68^32'       13.7307161- 

or.W.S.Wi  1°  2' wcflerly-  '       10.4954965; 

HJi-a  Tfie- 
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The  conrfe  bdfig  Imown,  the  diftance  nay  beTonod 
as  before. 

CAffe  2,  A  HAp  from  ladtude  50^  N^  and  lon^mde 
6**  1 5'  W.  fells  250  imlcss  on  a.  conrfe  50®  &  Sombiveft- 
ward  ^  re^ilrcd  the  ladtode  and  ion^tiide  of  the  fiup  ? 

The  difference  of  ladrade,  and  confeqnendy  die  pre^ 
fent  ladmd^  is  foimd  as  formerlyi  in  this  example,^ 
Departed  htitnde  50^  co'  V. 

Difference  of  ladtade       2    40  & 


Frefent  ladmde 


47    20 


The  half  comp.  of  47"  20'  is.2i*^  2^ 
Dkto  of  50    00  is  20    00 

As  tangent  of  51®  38' 9" 

Is  to  tangent  of  courfi    50     6 
So  is  the^  diffv  of  tang*     306. 1 5 } 

To  dilE  of  longitude      289.83 

*&r  nearly  290' =4°  50' W. 
Departed  long.   6    15  W. 


Log.  TaiT. 
9.5916812 

9. 5*5 1 06  J9 

3^6.153 
IO.IOI5IO4 
J  0.0777263 

2-485938^ 

12.5636649 

2*4621545 


Prefentlong*     11      S  ^* 

Case  3.  A  (hip  fails  from  latitode  49^  55.- N.  to  a 
place  in  latitude  13^  lo'  N.  on  a  conrfe  50°  South^irefl* 
ward  \  required  her  di^Tereace  of  longitude  ?. 

Anf.  S3»  I'-i  W. 

Log.  Tin. 

The  halfcomp*  of  if  10'  is  38**'25'  9.8993082 

DiitO'  49  SS  is  20     2i         9,5620477 

dificrcnce  3372.605 

As 


f 


N  A  \r  id  A  f  ION.-  245 

As  tang,  of  50!^  38' j"    10.1015104 

U  to  tang,  conrfe  jfo*  10.0^^865 

So  is  (Ml  tif  log.  ^iig«      3?92#(Sb5       3^5^7964^ 

t 

TD*riic  diff.  of  long.        31*1.5         -131^04^513 

or  53°  1' i  Weftw^d.  3-5026409 

•  Case  4.  A  fliit>  fromf latitude  32°  xo'  N.  aod  loogi- 
tudc  15^  12'  W.  fails  3tz8o  miles  between  Soudi  and 
IVeft,  and  then  is  in  latitude  20°  19'  Stmth:;  required 
her  courfe  and  longitude  ?  ^  - 

l^he  diSerance  of  latitude  is  52°  29'tz.^jj^  milcs> 
A&i)ai.  :Diff.  kt.  ::  Rad..;  Cm.  courfe  =1^''  15'  * 
Soocliwdfiward. 

Lit.  31°  lo'^N.  , 

add  9©    00 


M>^ 


2)122*  10 

••  ■  Lbg.  Tan. 


61°    s  10.2577391 

>J^  edmp.  of  20°  1 9'  is  34*>  50'  4.  ^  ..^.8426698 


^iH^MiMf. 


Difference    4150.693 

Aytang.  ,    51^38'    9''  10.X015104: 

Is  to  tang,  courfe        16°  15^  '    9*4^4599o 

So  is  dUF.  tang.  4i50-$93  .3.6181206 

Ta  difF.  of  longitude       957  65  13*0827196 

or  15?  57'  W.  2.9812092 

Departed  long.-    15    12  W, 


Brefcntlong.        31°    9' W*^ 


^  Tabix 


04^ 


NAVIGATION. 


A  Table  $f  the  Refraction  if  the  Heavenly^ 
BoDiESi  U  he  ftMroBed from  the  ohferved  Mtitudei 
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VAY'IOATIOH;-   •         .    ^7 

f 

T9  find  ihe  Lstiit$de  of  a  Ship  at  Sea. 

t)b(erve  the  meridiaii  altitude  of  the  fun's  upper  or 
lower  limb  by  a  quadraat*' 

CorreA  the  obierred  alntude  of  the  fua's  Innb,  by 

4abtra3iQg  the  dip  of  the  horizon  and  the  refradion 

from  it;  and  a4ding  the  ibmidiameter,  if  the  lower  limb 

was  obferved)  or  fubtradiog  it,  if  the  upper  limb  was 

obfQrved ;  the  refult  is  the  true  altitude  of  the  fun's  center* 

SubtraA  the  altitude  of  the  fun's  center  from  90%  the' 
remainder  is  the  zenith  diftancei  which  is  north>  if  the 
zenith  is  to  the  north  of  the  funj  or  fouth,  if  the  zenith 
•  is  to  the  fouth  of  the  fun. 

Take -the  fun's  ^clination  out  of  the  Nautical' Alma- 
tiacki  or  any  gopd  Tabk^  for  the  time  and  place,  not- 
ing whether  it  be  north  or  fouth  ;  and  then, 

If  the  zenith  diftauce  and  declination  are  both  Jiorth, 
^r  both  fouth,  add  them  together;^  but  if  the  one  be 
•liorth  and  the  other  ibuth,  fubtra£l  the  lefs  from  the 
greater,  and  the  fum  or  <lifierence  will  be  the  latitudej^ 
^f  the  fame  name  with  the  greater* 


EX  AMi^LES. 

1.  -April  •14th,.  1790,  the  :meriG|ian  altitude  of  the 

Tun's  lower  limb  was  ^o*^  20';  the  zenith  being  north  of 

^the  fun  J  and  the  altitude  of  the  oblerycr's  eye,  20  fefet 

above  the  furfacti  <>f  the  fea.,     What  was  the  Lati- 

tudef 

•        -^  Altitude 


04*  NAViaATION« 

Aldtade  of  foa's  lower  limb       40^  20^     o'^ 


40    r^    44 
refra^tipQy  fobtraft  1      6 


f 


4<>     14    3« 
Toa's  ftmidfaiBieter^  add      •    15    58 


i««^i* 


f . 


trae  altitade  fbff  s  center  40     30    36 

90      o       a 


zcHith  diftance  49     29    24  N. 
fun's  declioatioD*    9    34     40  N. 


«*«i«vani^rp"9« 


Latitude  59      4      4  N. 

2.  May  26thjl 790,  being  at  Tea  in  longitude  67^,30^ 

1E.  by  account;  the  mefidian  alHtude  of  the  fon^s  lower 

limb  was  26°  12',  »the  zenith  being  to  the  Ibmh  of  the 

fun,  and  the  obfinrter^s  eye  i  ft  feet  above  the  fbfface«f 

tlic  water :  reqtrired  the  latitude  of  the  ftip  ? 

k*   tit* 
Time  at  the  /hip  24    o  paft  noon  «f  the  25  th 
Xongitude  6f  30'  E.  .  4  jo 


tiine  at  London    19  30 
Sun's  declination  May  25th  2 1*  1'  57*'  N.  dally  difiv  lo'  sf 

increafe  in  19  A.  30  m.  add      8  j:4 

/  : * 

iunV  declination  at  the  Clip  2 1  10  51  N* 


JTAVItSATION. 

Altlmde  roft*$  Wcr  limb      a6*  t  a'   V* 
dtp  on  1 8  £eet|  fubtra&  4    3 

refraflioDy  fubtra£t  ^  ^  5^ 


H*^ 


I  O         III 


26    6     I 
Suq's  femidiameter,  add  15  43 


Altd.  of  the  fun's  center  26  2 1  49 

90    o    o 


zenith  diftance  6^  38  1 1  S. . 
decimation  21   10  51  IT. 

Jjiadtude  of  the  ihip  42  27  20  Sontlrri 

» 

When  the  latitude,  is  to  be  found  from,  the  mcridiair 
altitude  of  a  fixed  flar^. 

Subtcftft  the  dip  and  i'efra&ioa:.frbAi:the  obfecved  al- 
dtu^e^  and  then  find  the  latitude  fcomthe  zenith  didance.. 
anddediiaatlon  of  the  fiai>  as.  before. 

3. '  April  1 5th,^  1 790,  the  meridian altitude^of  the  ftar- 
Syrius.  was  oblerved^  53*^^  35'  y  the.  zenith  being  to. the. 
north  of  the  ftar,  and  the  height  of  the  obferver*^  eye  22 
feet  above  the  furface.of  thefca:  What  tras. the Jaii-- 
tudei. 


1^1 


Obferved^ 


7iQ  N  A V I  G  AT vo^m 

Gbfervcd  altitode  53*^  3  5*^  ^" 

dip  4'  28* 

refra^lioQ     i  28^ 


.  —  a  s^ 


S3  29 

4 

99 

3<5  30 

j6N. 

t6  26 

21  S. 

true  altitude  of  the  itft 

2eoith  diftkDce . 
declioation 

L's^tiftide     2ir    4 ,35  N^ 

If  the  mericfiaa  altitude  of  a  circttOKpolar  Aar  be  ob''^- 
ierved,  when  it  is  below  the  pole ;  or'tbe  meridian  aid- 
tttdcofthfe  fun  at  midnight,  in-  any  place  where  it  does* 
tiot  fet :  Correal  the  altitude  as  above  directed,  and  then,. 
to  the  altitude  of 'the  ftar,  or  center  of  the  fun,  add' the 
complement  of  its  declination,  thb  fum  is  the  latitude  of 
the  fdace;  of  the  fame  namerwith  the  dediaatioa* . 

4.  June. .1.2th,  .1786,  in  a  high  northern  latitude,  23^ 
W.  longitude,  th&eye.being  20  feet  above  the  horizon  $; 
the  meridian  <  altitude  of.  the  fun's  lower  limb^  below  thiBL 
pole,,,  was  8°  15'j  required  .the  Jatitudc.?. 

Pa       fft* 

ShlpVtime        la    o/.w.. 
Long.  23''W.'    132. 

London  time,    13,  32^*  w. 

Sun's  decl.  Jun^  12th  23^  1 1'  54''  It. 
increafe  in  13  i.  32  m.  1   57 

Sun's  declin.  at  (hip      23   13  51  N. 

Altitudeir 


J 


&$2 


■«•• 


-^   t  k 


Semidiameter  <  5  47 

Altitude  fuo's  fccatcr  8  20  12 
Co-declinatioa  .     ,  66  .46    9 


Latitude  75     6*21  -North. 

It  !^*H>een  found  by  cbfervatiotri^  that  the  magnetic 
needle  does  net  poiat  due  uoith,  except  un  fome  few 
places  i  and  that  its  direction  is-  difTereat  at  different 
times' ki  the  iame  plaee. 

The  diftancc  between  the  true'nofth-andlhe  dircc- 
tion  of  tJiemagiletic  needle,  is  called  the  variation  of  the 
cfunpafi^  which,' when*  the' ueedle  points  td  the -eaft  of 
the  true  north,  is  called  .iB<2/^  v^r/£r^i<?«;  but,  when  it 
points  wdl  of  the  true' north,  it  is  caiUed  Weji  variation^ 

In' order  to  find  the  variation  of  the  compafs^the  two 
•following  problems  are:  neceffary,  yfa. 

I.  The  latitude  of  the  place,  and  tbe  dedbation  <>f 
-any -^el^Jftial'pbjeS:  being  gven,  (that  dediaaiion  being' 
lefs  than  -^he  coioplement  of  the  latimde),  tO;  findite 
amplitude. 

RutE.' As  the  co-fine  jCif  the iatitude 

Is  to  the  fine  of  the  dcclinatieaf 
So  is  the  rad^s  ; 

^I'g  'the  fine  of  tlie  amplitude.  * 


IVx. 


£XAM. 


25^  NAVIQATJON/    '. 

Exam.  i.  In  iatkq4f.  j^T  N-  tbe  fiwi^i  4cclinatkni 
beiqg'20^  12'  N* ;  required  ti^e  fiia's  amplitudje  ? 
>  As  oe-fiao  laiitade    56^    o'      jl«7475^i7 
Vis  to  fine  dedmatipa  20    12       9-53^1943 
"So  is  racfius  S.  90     o      i  o.oooooo# 

To  fine  ampltftide      38      8       9^7906326 

That  is,  the  Tun  rifes  E.  38=^  8'N.  or  fcts  W.  38°  V 
'N.  according  as  the  calculation  was  made  for  the  morn- 
ing or  eveaiDg.  ^ 

2.  Inladtode'iqo  12'  N.  the  foil's  deXsatioa  bring 
2^3^  iVN«^  requifed  thefu&'s.aiBplitude?  - 

^^/.  E.  24^  36' IJJ.  .       . 

Note.  In  the  torrid  zone,  th^^^mplitpdc  and  4ccliii^ 
tion  are  nearly,  equal. 

3.  On  the  2oth  .of  Jantfary,  17791  "*  the  latitude  of 
34°  15'  S.  J  "what  was  the  fun*s  amplitude  at  rifing? 

In  quefllpns  of^this  kind^  the  fiin's  declination  ufiiR.  be 
found  accurately  for  the  tln^e  and  meridiaQ.  In.^his  ex?- 
ample,  if  the  calculation  is  made  for  the  morningy  the 
declination  is  20°  14'  S.  and  his  amplitude.  £.  2^°  44' S^-^ 
but,  if  for  the  evening,  the  declination  is  20**  f  S.  and 
the  amplitude  E.  24''  35'  S.- 

4.  In  the  latitude  of  56^  N. ;  required  the  amplitude 
of -the  ftar  jirffurtts,  its  declination  being  20°  2:2'  N.  ? 

J.nf.  E.38^29'N. 

2.  The  latitude  of  the  pLnce,  the  fuii's  dcclitiarlon  an3 
altitude  being' given j  to  find  his  azimuth. 

Add  together  the  complemdnt  of  the  latitude,  the 
^complement  of  the  funValtitutf fe,  and  Jbis*  dillance  from 

the 


4 


Jt&yifiATTQIL  953 


^detateilBole*^  t^kebilf  the  fian^' from  tirbkh  A%- 
«a£(:tbip  fiicfc'aidififtads  £Dom  Ate  e£^a«7ed:pole.:  '- 

'  Takidtim  wMmadcai  coakpleimiit  of  vhe  co^fifte  €^ 
^tke  hticade,  sod  of  %bdco>-iiie  of  the iW«;altk^e ;  ta£;c 
alfo  the  fine  of  the  -half  fnm,  and  the  fine  of  the  drfFe- 
rence  between  the  half  fom  and  the  fun's  didance  from 
the  elevated  pote;  thelialf  itOB'Of  th^fotrr  Ibgarithms 
IS  the  co-fine  of  half  the  fun's  azimuth  from  the  north  ia 
notth" latitude,  and'  from  th«  fbuth'm  fouth  latitude.  *  . 

Note.  Wbo^the  latitude  and  .declination.  ar,e  both 
north  or  both  fouth,  fiibtraft  the  declination  from  90° ; 
biit,' when  the  one  is  north  and  the  other.fouth,  add/the 
declination  to  90°^  the  difference,  or  fum,  is  the  fun's 
dlftance  ft-om  the  debated  pole.  '     ' 

£xAM.  I.  In  the  latitude  of  51^  32'  N.  the  fun's  alti- 
tude was  obferv^d  to  be  46**  20^,  when  his  declination 
^it.22^'2S'  N. ;  wTiat  was  the  fun's  azimuth  ?         ' 

•-^/^i'3'*3'froffltKe  North.    '  ; 
Compi.  latitude  38°  28'  Atith.  ct)mp.  6.2061683 

<^mp.  altitude  43   40  Arith.  comp.  0.160^604 

'Stin'sdift.fromthepole66   32  • 


nU4«* 


Sum     148  40 


» * ♦      •  ♦      t" ( 


^  fiito-    74   2b  '  /   SiDc         9'9^S5^^ 

aiBtraa>  66  "3^     :.:./.-. 

Difference    7   48   .     Sine        9.1326297 


2)19.4832166 

«  _y  .  ■  >  11.11      ^    ■>  I     ■■ ■    >i 

Co-fine  of^'56®  3 1'  29''        ,        9.74 1 6083 

Wlttoh  dottbled, is=  113    2  58  or  ^ 1 3°  3'  ©early. 

that' 


354  KAYIGATIOK. 

.That  k|!  the  fan's  Aaimtith  it'  1 1^3^  3'  frofa  the  norths 
and  confeqocntly.  tSd"?  57':  fisotii  the  fcMiih.;  and,  if  the 
iobiecirati^a  was  maieiii  the  iotcobon,  the  fofa  bears  El 
S.  E.  nnrlji  but:  W^  S*  W^*  if  it  was  made  iii  thb  after- 

nooa.  '-'.,: 

STtf  «wri  «»  Azimuth  ty  Gunttr^s  Scale. 

TiQd  the  fami  half  fum^  and  difiereo^e  as  atx)vej  and 
then,  ^       f    .     ' 

As  R. '.  Cos.  lat.  **  Cos.  alt.  :  a.  4thTiac.. 

.1  '  •     »  » 

As  the  4th  iine  :  Sine  of  the  t/^^i  1 1  the  fme.  pf  the 

dlfF.  :  a.  sth  fm^  i  .  .  1       ' 

againft  which,  on  the  line  oif  verfcd  fines  is  th^  .azin^joth 
from  the  north.  . 

in  this.examplei  fet  one  foot  of  .the  compaffes  to  fine 
'90%  and  extend  the  other  to  fine  38  28';  with  this  ex- 
tent, fet  one  foot  to  fine  43°'4o',  aiid  the  other  will  fall 
on  fine  2j^  76' \  keep  the  foot  there,  and  extend  the 
^ther  to  fioe  74^  2«'  (the  half  fum  ;)  with  this  extent  fee 
bne  Toot  to  fine  7^  48',  and  the  other  will  fall  on  fine 
17°  43'  againft  which,  on  the  line  of  verfed  fines  is 
1  i  3'' 3',  the  fun's  azimuth.      '         : 

-2.  In  latitude, 39°  50'  N.  when,  the  futfs  declination 
-was  13*^  25'  N.  his  altitude  was;  50^  5  required  the  fon*s 
azimuth  ? 

jinf.'  121**  36'Trofc  the  north  5  found  as  in  the  Iseft  ex- 
ample. 

3.  In  tlie  Tafitude  of  51^32'  N.  the  fund's  declinatioii 
being,  19°  39'  S.  auA  his  Jdtittide  15^*30' j  what  is  the 
'^un's  azimuth^  .  ■ 

To 


N.  A  V IG  A  T I  ON.  455 


.i  .       .    ,K         w  . 


To  qoo  •  o  '      -  •  • 
add  19    39  * 

109    39  fiia's  diftaQce,  from  the  pole. 

»  .  .  .  .        •  •  •  r 

Comp.  latitude  ^V"  28' Aritb..comp.  0.206 1683 

Comp.  altitude  74    30  Arith.  comp.  0.9  x 60895- 

Sun'sdift.fromthepole  109    39 

Sum        222    37 


**• 


^fum         III     i8|.         Sioe    9.9692473 
Pifferencc   "i     39J         Sine    8.4663922 


2}i8.65i«973' 


Co-fiae  of  7*^*^  47'    9-325948<S^ 
"which  being  doubled^  is  155°  34^,  the  fun's  azimuth  froiD 

the  North. 

By  Guater's  fcale»  the  extent  fjrom  radius  to  the  fine 
of  38°  28'  will  reach  from  the  fine  of  74°. 30'  to  the  fine 
of  36°  50',  and  the  extent  from  36°  50'  to  the  fine  of 
I  u<>  18'  4-  (t58°^4i'  i),  will  reach  from  fine  i""  39' ^J  to 
line  2^  34^1  agaiaft  whichi:  on  the  line  of  Terfed  fines>  is 
155''  34V  the  azimuth. 

4.  In  latitude  56°  S.  the  fun's  decMnation  was  23^°  28' 
Souths  and  his  altitude  44^  \  requked  the  fun's  azimuth  ? 

Anf.  1 16*^  13'  fifOm  the  fouth,  and  63°  47'  from  the^ 
north.  ... 

The  fun's  azimuth,  being  found,  the  hour  of  the  dajr" 
iKhcD  the  obfervaiion  wa&  made  may  be  found  thus, 

•  •         • 

As* 


/ 


256  KAyiGAXION; 

As  the  fine  of  the  fon's  diflance  Crosi  tbe  ekt^e£ 

pole, 
Is  to  the  fine  of  the  fiin^s  a&muth  $ 
So  is  the  fitie  complement  of  the  faun's  akkdde. 
To  the  fine  of  the  angle*  at  the  pole ; 

^)rhich,  m  time,  is  the  hoxtr  frpm  noon. 
In  the  laft  example^  to  find  the  time  when  the  Gm% 
altitude  was  obferved* 

As  fine  of  6&'  jt'  o^ 

Is  to  fine  of  ii<  13  o 
Soisthe4aeoF46  o  p^ 
To-the  finfe  of   44    42  39^ 

vhtchi  rednced  to  time,  at  the  rate  of  1 5^  to  i  hour,  is 
2  hours,- 58-  ffunutes,  50  feconds  from  noon;  whiclL 
£bows,  that  the  cb&rva<ioii  was  made  either  at  9  hours,. 
X  minute,  10  ^conds  in  the  foreoooo,  or  ar  2  hours,.  5  3 
minutes,  50  feconds  in  the  afternoon. 

Or,  the  fame  tiings  being giren as fo« finditig the ati- 
mnth,  the  hoHr  of  the  day  may  be  found  by  the  follow* 
ifig  Rule : 

Add  the  ceoQ^menir  of  tbe  latitckle,  the  fun^s  diffance 
front  the  elevated  pole,  and  the  complement  of  the  fun's^ 
altitude,  and  take  half  of  tbe  fiim  ;  from  whtth  fubtraft 
the  complement  of  theTun's  altitude,  and  ^en ; 

To  the  arkhmeticai  comptements  of  the  co-fine  of  the 
latitude,,  and  of  the  fine  of  the  fun's  difiance  firotii  the 
elevated  pole,  add  the  logarithm  fine  of  the  half  fnm,. 
and  the  logarithm  fii!ie  of  thedifference  between  the  half 
fum  and  the  cpaipiemcAt  of  the  (iin'd  ahktide:  the  halfi 
iixfk  of  thefe  four  logarithms  is  the  co-fine  of  half  the- 
hour  angle,,  which  being  doubkd  and  reduced  to,  time,, 

glVCSo 


'^ifff.^S. 
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gives  the  apparent  time  from  rioon>  wheri  thfe  obfenra- » 
tion  was  made. 

Exam.     In  latitude  39*^  50'  N.  the  fuVs  declination 
being  13°  25'  N.  and  the  true,  altitude x)f  his  center  59®  :  ■ 
What  was  the  hour,  from  noon  ? 

jin/^  2  hours  1 7  m.  from  apparent  noon. 

Cpm'p.  lat.  50°  10'.        arith.  com.  -         0.1146891 
polar  dift.   76   35..      ditta    .  \     0^0120175;:: 

Comp.  alt.  40   ,  Q 


Sum     166  45 


half  &m      83  2a  30     fine  •  9»997^^V 


'   difference      43  22  39    fine  9.3368116  • 

'    2)19.9606085- 


.*• 


co.fineofi7°    7'  34"  =  9-,9?<^3®4a - 

which  doubled  is     34""  15'    8"  the  hour  angle,  , 
and  34°  is'  S"  reduced  to  time,  is  2  hour$  17  m.  fi;pm  ^ 
.  apparent  noon. 

The  altitude  of  any  .fixed  ftar  being  jknowa  :by.  fibfaw 
vation,  to  find  the.  apparent  tjme. 

Sv»htraft  the  dip  of  theliorizon,  and  the  refracWon, 
from  the  bbferved  altitude  of  the  ftar ;  and  take  its  right 
afcenfim  and  declination  from  any  good  Table ;  and  * 
then,  with  the  complement  of  the  latitude,,  the  ftar's  po- 
•   iar  dlftance,  and  the  complement  of  its  altitude,  fiiid  the  - 
hour  angle,  (as  m  the  laft  problem)  .which  reduce  into 

IL-k  time.  I ; 


tkac  I  iad^o  tU^^iaie  a|>ply4kf  fW^  right  afceafioa  ^it^ 
time;  that  is,  add  itto  the  hoiir.aogle»  i£thcftar  be  weft, 
of  the  merid'uuif  or  fpbtraflf/it  frgm  the  hour,  angle,  if 
the  flar  be  eaftof  tbeoieridian  ;:^he  ium,  or  difTerence^ 
is*  the  right  afcenlion  of  the  mkl-heaven;  from,  which 
fubtraft.the  fim's  right  afceafioa  in^time,  the.  remainder 
is  the  apparent  timey  nearly ;  then  lay,  as  24  hours  is  to 
the  i^j  difiefence  of  the  fan's  right  afctafioa,  fo  is  the 
tithe  paft  noon  to  a  fourth>  which  being  fobtraded  fromr 
the  former  ^e^  the  remainder  is  th«  tr-oe  apparent  time. 

Exam.  April  i4tb^  1790,  ialatkude4S.^  S^'^'  ^^°* 
^tttde  66^  W.  th^  altitude  of  Aldebaraa  wask  oblenred 
22^  24^  30^1  the  ftar  being  weft  of  the  merkfian^  and 
the  height  of  the  ob(erv6r*s  eye  above  the  forface  of  the 
ledt  being  2 1  feet ;  what  was  the  appatent  time^  ^lebea 
tkftt  «i>(eryacioQr<was  made  ? 

Dip  on  21  jfect       4'   22*' 
Refra£Uon  x    li 


Subtraft  6    4a 
Obfcrved  altitude  22''  24    30 


teK  idt.  t£  the  ftar  «    17^  50^  DecCa.  N.  16®  4' 24" 

'   '        /   .p9lar  diftance    73  J5  36 


Oompr 
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'^mp«  latitude  41^  4'  .  aricti*  cQ^p/  c.iSa47i{5 
<polar  diftance  73  55  36  -arith.  wrap.  0.0 173  i8i 
^<7oaip.  altitude    67  4:^  to 

Soffi     i6a  41  46 

•    I    i.i  ■■  I        -.Ml 


halffaBi    91  20  5^3        Sine  pippj^So^ 


I     m 


'^ijflfereBce    aj  3:8  43        Sme  9;'6q32235 

2)19.8928984 


Co'fiac'oF      37®    9' 28"         9.90x4492 


I  I    ■■  ■       M 


doabkd  tf:7t74     18  5 a<s the  hour  angle. 


h.  hi.  f. 

-which  in  time  Is  4  57  15  April  X4tn,         h.  m.  /. 

Star's  R.  A.    4  23  53  Sun's  R. 'A.        i  31  28 

— : —  Long.  66""  W.            +4 1 

B.A.6fxmdheav.  9  21     B  ^-__-. 

Sua'sR.  A.        I  32    9  Son's R.A.at<hipt  32    9 

■  As  24  i-  3'  4^"  ••   ?*• 

7  48  59  49 w-  :  1'  li'' 

Scbtraft  -^    i  12 


^/{/^  Apparciittirac  7  47  47  IP^M. 


To  find  the  time  of  app.-^-ent' noon,  and  thereby  rcgui- 
late  a  watch  or  clock,  by  equal  altitudes  of  the  fiicu 

.  Kk2  Wit* 


J 
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^  "With  aay  good  iaftruinent  obftrve  the  fua^s  altitude 
any  time  before  noon,  and  mark  the  time  fliewn  by  the 
watch ;  and  in  the  afternoon  obferve  when  the  fua  has 
the  Tame  altitude,  and  mark  the  ^ time  fhown  by  the 
watch:  the  middle  point  between  .the. two  obfervations 
k  the  time,  of  apparent  nooq,  or  mid-day. 

.Note  !•  The  altitude  of  the  -fun's  lower,  or  upper 
Jimb,-or  both,  may  be^obferved,  ^and  from  .either  of  thefe, 
the  altitude  of  the  center  may  be  found  by  adding  or 
fubtrafting  the  fun's  iemidkimeter  at  the  time. 

.2*  Jf  the  obfervations  ar^  jtaken  nearmoon,  on  any  day 

from  the  20th  of  May  to  the  20th  of  July;  or  from  the 

-toth  of  November  lo -the  loxk  of^Januapy;  the  time  df 

.apparent  noon  will  be  found  without  any  conflderable 

•error  ;  but  if  the  Obfervations  be  made  on  any  day  with- 

dn  two  months  ef  either  equinox,  the  variation  of  the  fun's 

declination  during  the- interval  between  the  obfervations 

will  caufe  a  fmall  errocj  which  in  any  habitable  part  of 

the  earth  will  not  be  fo  much  as  half  a  minute;  and  if 

the  obferyadons  are  made  within  about  an  hour  of  nooo* 

.    the  erfor  will  be.  very  fmall. 

For  'cor'reftiiig  this  error,  there" is  a  table  in  Robert- 
son's Navigation,  Vol.  I.  p.*  J28. 

When  equal  altitudes  are  taken ^at  fea  in  order  to  find 
the  time  of  apparent  nooQi.;  the  ibip  (hould  ly  by  during 
the  interval,  and  then,  add  the  times  (hown  by  the 
watch  and  12  hours  5  the  half  fum  of  thefe  is  the  appa- 
rent time  ftiown  by  the  watch  when  the  fun  was  on  the 
^  meridian  of  that  place ;  and  hence  the  w^tch  may  be 
^fiAified  to  apparent  time. 


IJ  A  VI  GAT  ION.  2«i 

EiCAM.  I.  May  20th,  1790,  at  8  hours  40  w.  forc- 

TL^otiy  atid  3  Uburs  16  m.  afternoon,  by  a  watch,  the  iua 

had  equal  altitudes ;  recjOtred  ibe  Amt  of  noon  and  goipg 

df  the  watch  ?  .  ;         ;    ,  ,.  :;  . 

..».••  '  ■».■.■., 

-  V  C'^    40, A.M.-  . 

.     add  together..^   3     16  P.M. 


»"  .  >'•  •   :.c'' 


12 


■I 


■  •  n  .^^]z%,,s6. 


Ti 


Time  oF  apt),  noon  11 .   c8  -    a 

The  watch  noon  1 2     00 


.#>  /' 


Wstfch  too  fall  2  Aimutes. 

•  ■  ■'        :  *»  ■  * 


noo^j  and  at,  3  hour$  5&i«..34^  a,fteri^n,  fey  a  wat|;h,    . 
the  fun  had  equal  altitudes.^  required  the  ,g(^^g  of  thc;; 


»!•«>««      ^  •       • 


)  !-■;• 


^  t  «  .       i< 


« ft         • 


'8'  10  5S 

'3:58  3"4 
XX   o     b 


1  rv 


;•  a)24    9  3a 


f 

.  >    o  • »» 


■P    ■■    ■    ■    '■  •»  •*  »-4  ♦ 


Time  of  appan  noon  i:^    4  46 
The  watch  noon     12    o    o 


«<• 


The  watch  too:ilow        4  46 


# 
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Ta  obfirvf  ibi  SOM-s  AmpliTITob  wth  an  Azimut* 

Move  the  box  about  till  the  four  cardioad  points  <^ 
the  card  coindde  with  the  fonr  lines  in  the  fides  of  the 
compais  box  \  keep  the  box  Heady  ia  this  pofitioi^  and 
tarn  the  index  until  the  center  of  the  fan,  at  Its  lifing  or 
fetti&g,  is  feen  throtigh  both  the  fights  \  then  tiie  degrees 
intercepted  between  the  dortii  point  of  the-^compafs  and 
the  ^od  of  the  index  poindng  to  the  funi  will  be  the 
Magnetic  Amplitude  fought. 

For  an  A^luvr^* 

Place  the  box  and  compafs  as  before^  and  hold  it 
Aeady  \  turn  the  inde^iintil  the  fights  bdng  dhredted  to 
the  center  of  the  {aOy  the  (hadow  of  the  thread  joinitig 
the  fights  fall  direftly  along  the  iniddle  line  of  the  indejc ; 
and  then  the  degrees  niteroepsed  between  the  north  point 
of  the  card  and  that  end  of  the  ind»  next  the  fun,  fhali 
give  the  Magnetic  Azimuth  of  the  fun. 

The  azimuth  of  any  ftar  is  foond  in  theiame  manner, 
only  yotf  zxt  to  view  the  ftar  through  the  fights. 

Having'the  true  and  ma^etic  amplitude,  or  atimuth, 
of  any  celeftial  objeA,  to  find  the  Tariation  of  the  com- 
pafs. 

If  the  true  and  ttagMtk  ampfitude,  or  azimuth,  be 
the  fame,  than  there  is  no  variation,  and  the-needle  points 
due* north;  but,  if  they  are  not  die  fame,  let  both  be 
reckoned  frdm  the  north,  eaftward  when  the  obferva^- 
tion  is  made  in  the  fgrenbon,  and  weflward  in  the  after« 
iM)on  i  and  theft  the  difference  betweeo  the  Inie  and  mag« 

"4iefic 
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\ 
\ 

Jietk:  ampUtod^  or  tasmmb^  U  che  v:ar4atioii  of  tbe  GQoa- 
pa& 


Sn?  i/ww  wbefiertBe^At-lATlo^  he  Ea&t  or  West, 
If  the  amplitude  be  taken  at  fao-riliogy  or  the  azimuth 

•      #  *  '  - 

in  the  foreiKx>Q»  and  if  the  magnecical  amplitude,  or  azl- 
ffiutb,  be  facther  froffl  tine  aorthihan  die  triiei  tke  varia^ 
tioti  |»  iip<efiwflfpd^  bur,  If  it  be  oearer-  to>  the  norths  die 
variatioQ  is  eaftward^ 

if  the  obftrtatioft  be  vodein  tbeaftem6oa»  or  at  fim- 
letttfigi  aad  if  the  Magnetic  attpStodet-  or  adtinwub^  be 
farther  from  the  north  than  the  trae>  the  variatioo  k 
eaftward  \  but^  if  it  be. nearer  to  the  nort^tbe  vaxittioft 
jswcfterly*. 

Exam,  u  Svppofe  at  fim-ftttiD|;  hk  ampCtiid^  by 
the  •compa&,  is  7^  i  o'  from  Weft  tovards  North,  and 
his  true  amplltode  is  W.  25^  1 5'  N*  ^  jrequired  the  yaria^ 
tk)0^  and  whicb  waff  J 

Mjignetic  ampUeude J  )A/9if.SQ'W. 
True  afuplitttde.  N»64   45  Wit 


Variation        .  jS,    5  £.  _ 

2*^  SUppoie:  at  fun-riiing  the  amplitodei  by  ti^  coid- 
pa&s,  is  £.  16°  12'  N.  and. his,  true  amplitudiB  £•  |o^  10' 
N^3  reiyiired  the  variation^  and  which  way  I 

-  .        •  •  •  ' 

Magioedc  aaipliuide       N*  7}"^  48'  £.. 
True  amplitude  N..59    5oE». 


-> 


Variatioa        13    58  W. 

•    3-  ''up? 
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3.  Snppofe  the  fan's  nutgoedc  aeimutb  is-N.  124^  36' 
£•  aad  his  trae  azimuth  is  N.  1 13°  3'  £. ;  what  was  the 
TariatioQ  of  the  compafsi  and  which  way  ? 

MagjuetiG  aumnth .   N .  1^4°  ^  30'  £• . 

True  azimath '        N.  113     .3  £• 

Variation         ii    27  Wi 

To  Jmow  whether  the  variAtioii  19  E*  or  W.  the'com* 
laon  rule  is,  let*the  obferrer's  face  be  turned  towards  the 
fun,  and  if  the  true  amplitude,  or  azimuth,  be  to  the 
r^ht  hand  of  the  magnedCf'  the  variation  is  £aft  $  but,  if 
the  true*  be  tt»  the  left  hand  of  the  mago^tic^.the  varia- 
tion is  Wcft^i    . 

Having  the  courfe  fet;  and  the  variation  of  the  com-^ 

pafs,  to  find  the  true  courfe  made. 

♦ 
If  the  variation  is  W.  call  the  N.- W.  quarter  the  ift, 

the  S  W.  the  2d,  thfe  S.  E.  the  3d,  and  the  N.  E.  the 
4th;  but,  if  the  yariation  is^Eaft^  call  the  N  £.  quarter 
the  I  ft,  the  S.  E  the  2d,  the  S.  W  the  3d,  and  th6  N. 
W.  the  4th ;  then,  if  the  coupTe  be  in  the  i  ft  or  3d  quar- 
ter, add  the  variation  to  the  given  courfe  fet ;  but,  if  it 
be  in  the  id  or  4th  quarters,  fubtra£l;  and  thefum,  or 

diiFcccncc,  (hall  be-  the  courfe,  corrcftcd  by  the  varia- 

-.  ^  ■      .      ■   .  ■  •    '  '. 

tion. 

Exam.  i.  Siippofe  the  variation  is  ij  points  W. 'it 
is  required  tO  correflf  the  following  courfes  fteered '  By 
the  compafs,  viz. :  N.  W.  J  'W.    Si  S.  W.    S.  E.  by 

£-iE.  andN;-E.byE-. 

Courfts 
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CourTes  N.  W.  |.  W.=4i  Pt. 

Variation  add  «    t^ 

Cor.courfc  N.  W.  by  W4W.=ji  ; 


S.  S.W.  =  2  Pt. 

Var.  fub.    i  J 


Gourfes  S.  E.  by  E.  i  E,=54:  Pt. 


Variation  add 


H 


Cor.  courfc  E.  S.  E.  |  E.=6| 


N.  E.  by  E.    =  5  Pt. 

Var.  fub.  i^ 

N.E;byN4E^3^ 


3.  Snppofe  the  variation  te  21®  30'  E..it  is  reared  to  • 

correft  the  following  courfes  fleered  by  the  cojnpafe. 

Courfefet  N.  E,  byN.=  33'  4$!      KS/S.  E.     =22^  30! 
Variation  add  21    ^o  >     'Var.ilib.      21   "^o 

Correft  conrfe  N.  -         55°  15'  E.  Gor.courfeS.  i*^  oc'E.* 


Courfe  fet  W.  S.  Vf.z=6f  30' 
Variation  add  21    30 

Gotrea:  couiffe       &.  B^"",  oo'W. 


N.WbyW.=56o  15' 
Var  fob.        21    30 

C^r.co.aKfeN-34''45'W; 


Ul 


Si.E.OT; 
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Defimitxons   and  Prpnci-ples. 


I.  *T^HE  path  of  every  projcftac  depends  on  two 
-*•  different  forces,  namely,  the  impellent  force^ 
Mrhereby  the  motion  is  firft  begun,  and  which,  a6^ing 
alone,  woold  carry  the  body  forward  in  a  flralgfat  line  \ 
and  the  force  of  gravity,  by  which  the  projeAile  daring- 
the  whole  tioie  of  its  flight  is  urged  downwards  toward 
the  center  of  the  earth  ;  and  becaule  both  forces  ad  con- 
tinually whilft  the  body  is  in  motion,  its  path  is  a  curve 
line  lying  between  the  direftfons  of  both.  It  has  bcenr 
proved  by  many  authors,  that  the  path  of  a  projeAile 
in  vacuo  is  a  curve  line  called  2,  parabola  ;  but  in  air,  the 
refiftance  it  meets  with  changes  the  form  of  its  patfr. 

Moft  writers  on  this  fubje^l  have  thought  that  the 
aflion  of  the  air  on  fuch  projeAUes  as  cannon-balls,  was 
too  (mall  to  be  taken  notice  of;  and  therefore  have  fu;^ 
pofed  that  the  path  of  a  ball  in  the  air  was  truly,  or  very^ 
nearly,  the  fame,  as  iff  vacuo- 

But,  although  it  is  now  known,  that  the  refiftance  of 
the  air  to  th^  rooticMis  of  large  and  heavy  bodies,  fuch 
as  bombs  and  cannon-balls,  is  much  greater  thaa  has 
been  commonly  reprefented,  and  therefore  muft  afFeft 
both  the  magnitude  and  figure  of  their  path  r  Yet,  if  the 

amplitude 
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amplitude  .of  the  projeftion  anfwerlng  to  any  given  ele- 
vation be  firft  found  by  eitperiment,  (which  is  always 
fuppofed  in  gunnery),  the  amplitude,  in  all  other  cafe?, 
^vhere  the  elevations  and  velocities  do  not  differ  very 
much  from  the  firft,  may  be  determined  ,to  a  fufficient 
degree  of  i^aftnefs,  by  the  rules  arifing  from  the  para- 
bolic hypothefis ;  becaufe,  iu  all  4iich  cafes,  the  effc<5ls 
of  the  air's  refiftance  will  be  nearly  as  the  amplitudes ; 
and,  were  they  accurately  fo,  the  proportions  of  the  am- 
plitudes at  difFerent  elevations  would  then  be' the  fame  a« 
in  vacuo*  Hence,  the  confmoa  rules  given  by  the  writers 
on  gunnery,  although  not  mathematically  true,  may  he 
fafely  admitted  in  praftice,  ^  . 

2.  The  point  where  the  projeftile  begins  to  mov^,  is 
called  the  J>oi/2t  ofprojeEfioJu 

3.  The  impetus  of  a  piece  is  the  height"  to  which, 
with  its  proper  charge  of  powder,  it  could  make  the  ball 
afcend,  when  fired  olFin'a  dh-eftion  perpendicular  to  the 
horizon^  or  the  perpendicular  height  from  .which,  ihe 
ball  muA  fall,  to  acquire  the  velocity.it  hath  at  the  point 
of  projeftion, 

4.  The  elevation  is  the  angle  contained  between  the 
axis  of  the  .gun  and  a  right  line  drawn  from  the  point  of 
projeftion  in  the  horizontal  level. 

5.  The  amplitude,  random,  or  range  of  a  projeflile, 
IS  the  diftance  between  the  point  of  projeftion  and  the 
place  where  it  impinges  on  the  ground.;  Or,  4t  is  the  ho- 
rizontal diflance  which  tfie  projeftile  .pailbth  over  in  its 
flight.  ■  ' 

6-  Different  elevations  ot  the  fame  piece  give  difFerent 
amplitudes  j  -for .if,  when  a- piece  is  fired  off,  its  axis  be 

L     2  cither 
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either  la  the  plane  of  the  honzoo,  or  perpendicular  to  i^ 
there  will  be  oo  amplitade  i  becauiey  in  the  firft  cafe, 
the  ball,  by  the  aflion  of  gravity,  will  meet  the  groBod 
ioitnediately  oq  leaving  the  mouth  of  the  gaa  ;  and,  la 
the  laft,  it  will  fall  down  oo  the  point  of  projedUoa.  At 
equal  diftances  from  either  of  tliefe  dir66l:ans,  fuch  as, 
Xvt  an  elevatioa  of  25  or  65  degrees,  the  amplitudes  vnU 

be  equal.     And, 

When  the  elevation  is  45  degceeSj  the  amplitude  will 
be  the  greateft  poflible. 

7.  The  greateft  ampKtnde  is  donble  to  the  impetos  of 
the  piece  ^  and,  when  the  elevation  ts  45  degrees,  the 
greatefl  altitude  of  the  ball  is  otiC'-foarth  part  of  the  am- 
plitude. 

8.  If  a  body  be  projefted  oblique  to  the  horizon,  it 
will  fall  there  again  in  the  fame  oblique  dire^on,  and 
^"with  the  fame  velocity  with  which  it  was.prqjcfted. 

9.  The  ^ime  which  a  heavy  body,  projefted  aJt  an  ele- 
vation of  45**,  will  contiiitie4n  the^iir,  before  it  arrives  at 
the  horizon,  will  be  equal  to  the  time  that  ihe'feme  body 
would  take  to  defcend  by  the  force  of  gravity,  through 

4i  fpace  equal  to^its  amplitude,  or  horizontal  range. 

« 

10.  In  moft  problems  in  gunnery,  it  is  fuppofed  chat 
the  gunner  makes  an  experiment  on  every  gun  he  has 
tTie  care  of,  with  its  ordinary  charge  of  powder,  at  an 
elevation  of  45  %  in  order  to  fin^d  the  greateft  amplitude 
of  the  piece,  and  then  half  df  this  Is  the  impetus. 

.  The  r  les  made  u!'e  of  in  Solving  ibc  following  pro- 
hUxDSf  are  dcmonftratcd  b^  the  writers  on  projediles. 

■0/ 
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Wf  Projections  nsmle  on  ihe^Plafte  of  iht  Borizan. 


Paos.  I.    The  imjietils-^  -the  i^i&sg  4nd  the  diftancc 
*of  the  objeA  aimed  at  beiBgikfiotvai  to 'find  die  eieta* 
tion,  £o  as'to  ftrike  the  x)lye£L 

Rule.  The  horiz«atal  raageg  df  i^qual iitodies  pr^ 
jofled  ^iih  the  &ine  velocity  at  ^iifereat  ^levatioQS)  are 
to  one  another  as  the  fmes  of  twice  the  angles  of  eleva- 
vtion. 

Exam.  Required  the  elevation  neceSjiry-K)  ihike  an 
objeft  on  the  horizon  at  the  diftaacc;of  p7o;yards>  the 
4mpetus'of  tiie  j)ieoe  being  3375  yarda. 

As  twice  the  ioapatas,  or  ^g^itj^  an^itodet^JjfOf 

Is  to  the  givep  diftaace  ^f.the^t^e^  S^ijot 

So  is  the  radius  or  fine  of  twice  45°, 

To  the  fme  of  twice  the  elevation  sc  50°* 

Hence,  the  lower  elevation  is  25°,  and  ihesh5^1icr'65^ ; 

For  thefc  are  equally  diftant  from  45°. 

pR.OB.  a.  The  angle  of  elevation^  and  tfce  an^plltodc 
being  given,  to  find  the  greateft  aliitude  of  the  biill. 

RuL,Ev  As  rradius  is  to  the.  tangent  of  the  angk  of 
ekvatlon,  fo  is  one  fourth  part  of  the  corfefppndetit  am- 
plitude to  the  greateft  altitude  of  thebaic 

•Exam.  If  a  piece  fired  ofF  ^t  aa  tlevarion  of  25^ 
throws  the  ball  to  the  diflance  of  5170  yards  j  wJiac  is 
the  greateft  altitude  of  the  ball  ? 

A7if,  602.8  yards.  One  fourtti.partof  5 1 70  rs  i292»5. 

As  Rad.  *.  Tan.xlcv.  =  x$^  *•  ^  -i  592.5  1  (ic2.5. 

£XAM« 
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EzAM.  .2.  If  the  impetus  of  a  piece  be  4000  feet ; 
what  18  the  proper  elevation  to  hit  ao  db]c(t  at  the  di- 
Aance  of  4200  feet  ?  and  what  is  the  greateft  altitude  of 
the  baU  ? 

An/.  The  lower  elevadon  is  15°  50',  and  the  greateft 
altitude  of  the.  bail  is  298  feet. 

Prob.  3.     The  impetus  of  a  piece,  and  its  elevation 
-  being  given,  to  find  the  amplitude. 

Exam,  i-  Suppofe  the  impetus  of  the  piece  to  be 
3  375  yards ;  how  far  will  the  fame  piece,  with  an  equal 
charge  of  powder,  range  the  (hot,  at  an  elevation  of  25°  ? 

jin/.  5170  yards. 

As  radius  or  fine  of  twice  45°, 

Is  to  the  fine  of  t^ice  the  given  elevadon  so'°  > 

60  is  twice  the  impetus,  6750  yards, 

To  thd  amplitude  required  =  5 1 70  yards. 

Exam.  2.     Let  the  impetus  be  4000  feet,  and  the 
given  elevation  30^  16' ;  required  the  amplitude  ? 
Jlnf.  6g6^  feet. 

Prob.  4.  The  angle  of  elevationi  and  the  diftance 
•^f  an  objcft  aimed  at  being  given,  to  find  the  impetus,  fo 
as  t®  ftrike  the  objeft.  -  ;     . 

Exam.  i.  Let  the  angle  of  elevation  be  32°  12',  and 
the  diftance  of  the  objeft  aimed  at  be  6500  feet ;  requir- 
ed the  impetus*of  the  piece  ?     Anf,  3604  feet. 

As  the  fine  of  twice  the  angle  of  elevation,  64°  24', 
Is  to  radius  or  fine  of  twice  45^  j 
•  So  is  the  given  amplitude  6500, 
To  twice  the  impetus  required  7208 
Whence  3604  feet  is  the  impetus. 
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£x4M.  2,  Let  the  angle  of  ekvatteiib^  30°  iff,  and 
the  diAance  of  the  objed  of  amplitude  =?  6965  feet  -,  what: 
h  the  impetus  of  the  piece  i 

Anf.  4000  feet. 

Hence^  the  impetus  of  a  piece  may  be  found  .by  firing 
it  off  at  any  elevadon,  and  meafuriog  the  horizontals 
range  of  the  balL 

When  the  elevation  is  15%  the  amplitude,  is  equal  to 
the  impetus;  becaufe  the  fine  of  twice  15  or  of  30^' is 
equal  to  half  of  the  radius. 

Frob.  5.  The  amplitude  of  a  piece  at  any  elevatron 
being  given^  to  find  the  amplitude  at  any  other  elevation  ; 
and  the  contrary^ 

^  Exam.  i.  If  a  piece,  fired  off^  at  an  elevation  of  25° 

12',  throws  the  ball  to  the  diftarice  of  5250  feet  5  how 

far  will  the  fame  piece,  with  an  equal  charge  of  powder^ 

throw  the  ball  when  fired  oiFat  an  elevation  of  36<'  15'  ? 

Anf,  6498  feet. 

As  the  fine  of  twice  the  firft  elevation  50°  24'' 
Is  to  the  fine  of  twice  the  {econd  "  72®  30' 
So  is  tb^  firft  amplitude  •  5250, 

To  the  amplitude  required  6498 

Exam.  2.  If  a  piece  fired  off  at  an  elevation  of  37® 
28'  throws  the  ball  to  the  diftance  of  2956;  at  what 
elevation  muft  the  fame  piece  be  fired  off  to  throw  the 
baU  to  the  diftance  of  255.0  feet  I 

Anf.  28°  12'.  . 

Prob.  6»  The  elevation  of  the  piece,  and  the  greateft 
altitude  of  the  ball  being  given,  to  find  its  greateft  alti- 
tude at  any  other  elevation. 
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R  u  L  t .  Thd  heights  to  which  eq^al  bddids  projcfled 
\iich  eqiul  velodties  r3fie  i]a  the  aip,  are,  lA  proportioa  to^ 
one  another^  as  the  veried  fiaes  of  twice* thfe  angics  of  cle- 
vatioa. 

ExAMi  If  the  greatoft  altkiide  of  a  biiH  when  fired  o£ 
ait  an  elev^sitronoE  24''  5'  &e  iB^  yard^ ;-  at whae ekvatioa^ 
■will  the  greatcfl:  altitude  be  400.  yards  ? : 

As  the  firfl  altitude  18®, , 
I^t(>the  fecpnd        400-;' 

So  is  the  verfed  fine  of  twice* the  ffirft  deration  4^  i</ j; 
.  .To  the  verfed  fijie  of  twice,  the  elisrwatioxt  required; 
74°  5,6'.      ■ 
Half  .of  which  37"  a 8'  is  the  anfvirer.. 

This  proportion;  nmy  be  wrought  on  ©imter's- fcale, . 
thus :  The  extetn  of  the  compaifes  from  *8o  to  40©,  on- 
the  liae  of  numbers,  will  reach  from  the- verfed  fine  of- 
48^  10'  to  105°  4',  tbQ  fppplejncnt  o£.which.74°  56'  is 
the  double  of  the  elevation. 

P:ro»*  7.    The  eUvation-  ami' amplitude,  being  given, 
to  find  the- tiffifi.  of  the: flight,  or  of  the  ball's  coauinaance^ 
in  the  air. 

Rule.     As  the  radius  is  ,to  the  tangent  of  the  eleva- 
tjony  fo  is  the  given  -  amplitude  in  feet'  to  the  fquace  of- 
four  times  the  number  of  feconds  required. 

Exam.  Let  the  elevation  be  32°,  and  the  amplitude 
5280^;  required  the  time  of  the  flight  ?  "" ' 

-^z;/ .14-^  feconds. 

As  Rad.  :  Tan.'  32** ''  5280  I  3300,  th6  fquare  root' 
of  whieh  is  57  44  y  and  one  fourth  of  57.44  is  14.36,  or  • 
I4:J  nearly. . 

But- 
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"*But -when  the  elevatioa  is  45%  (\t'hich  is  commc5niy 

the  cafe  inthrowiog  bombs),  "then '6ne  fourth  part  of  the 

fq^jare  root  of  the  dJftahce  in  feet,  is  the  number  of  fe* 

conds  which  the  jprdjeftile  continues-  Fn  theVir.     The 

-itnowlcdge  of  this- is  ncceflary  id  adjufting  the  ftifee. 


0/  Projections  nfh^n  tic  Ohj^Si  aimed  at  is  abme  or 

below  the  fovei  of  the  Piece* 

VikOB.  8.     T?he  horizontal  diflanCe,  and  the  angle  of 
elevatioa  or  d€preffi<*v  of  an  objtft  bfeing  given,  together 
"5«vith  the  impetus,  to  find  thetfevation  df  thcpiecey  to  as 
^0  bit  t^9  objeiEl* 

Rcr>Le.     As  the  radius  is  to  the  tangent  of  the  eleva- . 

*^Ioo  or  dteprefBonrof  the  objeft,  fo  is  twice  the  ifcapdto^. 
to  a  fourth  number ;  i^hich  a^dd  to,  br  fobtraft  from,  the 
given  horizontal  diftance,  according  as  the  obje6l  is  elc- 

"^ated  or  cfepreflecU    Thca  fay. 

As  twice  the  impetos  is  to  the  foiB,  or"  remainder,  fo 
19  thfe' co-fine  of  the  given- elcvatfoa  or'depreffion,  to  the 
<o*iine  of  an  angle,  which  added  to  and  fabtrafled'froni, 
the  aogle  included  between  the  objecl  and  the  zeni>h, ; 
^ves  the  doubles  of  the  complements  of  two  different 
elevations  whereon  the  balHv ill  hit  ?fee  objciS'. 

3ExaU.  Let  the  horizontal  diftance  of  tlie  obje^be 
5600  feet^  and  icsjelevation  80"*  15',  and  kt  the  impetus 
of  the  piece'  be  4000  fiect  5-*required  the  elctration  ? 

1.  AsRad.  :  Tan^S^  \^\  IScoo":  ii^o^  wMchadded 
to  5600,*  gives  6760.        '  - 

:2.  A^Soco  :  6760  : :  Cos.  ^i^' :  Cos,  33"^  15'. 

Min  Adi 
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Add  and  fubtraft  33''  15M0  and  from  81**  45',  and 
you  have  1 15°  and  48^  30',  the  halves  of  which  are  57.*^ 
30'  and  24**  15',  whofe  complements  3^^  30',  aad  65° 
45'  are  the  two  elevations  required. 

The  rales  relating  to  oblique  proje^ons  are. feldom 
attended  to  in  a<5lual  fervice* 

In  all  (hoodng  on  aicents  and  defcents,  it  is  beft  to  find 
the  angle  between  the  obje<5l  and  the  zenith^  and  ^ke 
the  complement  of  half  that  angle  for  the  elevation,  and 
find  by  trial  what  charge  will  reach  the  objefl;  for,  oa 
this  elevation,  a  lefs  charge  of  powder  will  do  the  bufi- 
nefs  thbn  on  any  other ;  And  this  method  is  commonly 
praflifed  by  gonnecs. 

Prqb.  9.  The  amplitude  of  projeftion  with  a  given 
quantity  of  powder-beiag  iciiown,  to  find  the  quantity  of 
powder  neceffary  to  hit  an  objeftat  a  given  diflance>  the 
elevation  remaining  the  fame. 

Rule.     When  equal  bodies -are  projefted  with  diffe* 
•  rent  velocities,'  at  the  fame  elevation,    the  horizontal 
ranges  are  in  proportion  to  one  another  as  ihe  weights  of 
the  charges  of  powder,  nearly. 

Exam.     If  a  24  pounder,  elevated  to  45%  i61b.  of 
powder  will  throw  the  ball  to  the  diftance  of  6^^^ 
.   yards  ;  how  much  powder  will  throw  the  f^me  ball  5 1 70 
yards,  at  the  fame  elevation  ? 
Anf.   124  lb.     ' 
As  the  firft  horizopcal  i"ange  6750, 
Is  to  the  fecond  S'?*^ » 

;    So  ^  the  weight  oL  the  given  charge  16  lb. 
. .  To  the  weight  of  the  charge  required  12.26  lb. 

...Note.    sTbis  rule  cannot  be  accurate. 

Caono&a 
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Cannons  are  either  made  of  iron  or  brafs,  of  different 
lengths  and  bores>  and  named  from  the  weights  of  the 
bails  faited  to  their  capacities.  Thus^  a  great  gua  ivhofe 
ball  weighs  12  lb.  \i  called  a  12  pounder;  andohe  whofe 
ball  weighs  24  lb*  is  called  a  24  pounder,,  &a 

The  charges  of  powder,  according  to  the  Englifh' 
uiage,  are  aboutthe  weight  of  the  ball  for  proof ;  half  its 
weight  for  fervice,  and  oQ£-fourth  of  its  weight  for  fa- 
Intes. 

The  French  allow  two- thirds  of  the  weight  of  the  ball  ' 
for.lervice,  and  twice  as  much  for  proof. 

Large  brafs  gnns  are  allowed  a  greater*  charge,  of 
powder  than  iro&ones  of  the  feme  bore. 

At  {cay.  after  five  orjCx  rounds  in  warm  fefvice,  the 
quantity  of  powder  is  diminiftied  every  charge,  until /it  * 
eajne.to  about  one- third  of  the  weight  of  the.balh 


(y /^/GoMPtTTATION  ^  SliOT.' 

/ 
/ 

Cannou-balk  and  fliells  are  ufually  piled  lip  in  a  pyra- 
midal, or  prifmatic  form  j  the  bafc  being,  either  an  cquW 
lateral  triangle,  a  Iquare,  or  a  reftangle.  In  the  Aiangrc 
and  fquarc,  the  pile  is  a  pyramid,  finifhcd  by  a  firi'gle  ball  • 
at  the  top  5  but,  when  the  bafe  is  a  reftangle,  the  pile  is 
fiaiihed  by  a  liagle  row  of  balls. 

In  pyramids  of  balls,  the  number  of  balls  on  each  fide 
of  the  bafc'decreafes  fr6m  the  bafe  upwards  by  t  \  that  v 
isi  if  the  number  of  balls  in  one  fide  of  the  bafe  be  20, 
the.numberaa.the  tire  next  ^above  that  will  be  19,  .and  in  • 

Mm  2'.  ^»«^' 


i-l^  G  TJ  W  PT  E  R   T. 

the  vsxrsx  1^8,  &€.  aotllalltbe  fides  of  the  pyraiEud  hieer' 
at  the  top  in  a  fiagle  ball.  Therefore,  if  the  bafe  be  a  - 
triangle,  the  fcveraUires  of  balls  \viU  be  triangular  nion*- 
bers>  .which,  reckoned  fram  tli«  top,  ape 

I.  3.  6.  10.  ly.  21,  26.  36.  45.  55.  66.  78.  &c*< 

But,  if  the  bafetie  a  iquate,  the  tires  of  bails  will  be  -^ 
fquare  numbers,  which,  beginning  at  the  top,  are 

I.  4.9.  16.  25.  36.  49.  64.  8f.  100. 121.  144.  i69ii  &c. 

1.  To  find  the  furai  lof  a  fcries  of  triangular  oombers-- 
beginning  at  r,  the  number  of  terms-  being  giyen. 

Put  n  =  the   number   of    the  terms,     and  'thea 

•    ^   

^  y^ ClUL —  is  the  film  of  the  feries* 

6 

Exam.    What  is  the  Aim  ot  8  terms^o£  the  ferles  of 
triangular  numbers  ? 

Here  /i-  8,  and  1^^=  120,  is  the  anfwer.  , 

6 

2.  To  find  the  fum  of  a  feries  of  f(juare  numbers  be-  . 
ginning  with  1,  the  number  of  terms*  being , given  ? 


Put  n  zz  ttte  number  of  terms,*  then  /fX«+rx2/?+i 


I  <     ■   ■!» 


is  the  fum  of  the  feries. 

'  Exam.     It  is  required  to  find  tlie  fum  of  10  terms. of 

the  feries  of  fquare  numbers  ?  / 

Here  «  =  10,  and  ^^^^^^^^  =  38:5ris  the  anfwer. 

6 

3.  To  find  the  number  of  fhotin  a  triangular  pile. 

Count  the  number  of  balls  in  one  fide  of  the  bafe  5  to 
that  number  add  i,  and  to  the  fame  number  add  2 ;  thca 

multiply 


G  O'  N  N  E  R   r.  273: 

vxmiltiply  theie  thrpe  numbers,  one  by  the  other,  and  the 
produA  by  the  thurd,  and  divide  <the  piy>du£t  by  ^ ;  the 
^iMtieat  is  the  iM»iaber  of  Aioc.in  the  pile. 

ExAM^  I.  HoW'ttasy  baHs  are  difere  4a  a  finifted 
triaogular  pile,  one  fide  of  the  bafe  co&iQfting  of  24 

,   Sy  .adding  i  and  2  to  24,  the  three  nombers  are  24«.« 

2C.  26.  and  ii2i2l21il=2i5oo  balls^  th^e  anfwcr. 

(> 

2.     Required  the  number  of  balls  in  a  finiftied  trian-^ 
golar  pile,  one  fide  of  the  lowefl  tire  being  30  balk  } 
Anf.  4960. 

Note..     In  triangular  and  fquare  pyramidal  piles^  dsb 
number  of  horizontal  tires,  or  the  number  of  balls  from  . 
top  to  bottom,  is  always  equal  to  the  number  in  one  fide 
of  the  bafe,  or  bottom  tire. 

4.  To  find  the  number  oP  (hot  in  a  fquare  pyramidal 
pile. 

Count  the  number  of  balls  in  one  fide  of  the  bafe;  to 
the  number  add  i,  and  to  its  double  add  1 ;  tlien  mul- 
tiply thefe  three  numbers  into  each  other  continually, 
and  divide  the  produA  by  6  \  the  quotient  is  the  number 
of  balls  iathe  pile. 

Exam.  It  is  required  to  find  the  number  of -ftiot  in  a  . 
fqUare  pile,  each  fide  of  its  bafe  confifting  of  20  balls  ? 
By  adding  i   to  20,  and  i  to  the  double  of  20,  the 

three  numbers  are  20,  21,  and  41^  and  — — ^1 — 11  = 

6 

2870  balls,  the  anfwer. 

5.  In  a  broJken  pyramidal  pile,  either  triangular  or 
%iarc«  •    . 

Compute  • 
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Compute  the  number  of  balls  in  the  whole  pUe  ac^ 
cording  to  its  bale,  and  then,  by  the  number  in  one  fide 
of  the  uppermoft  tire,  compote  the  number  in  the  part 
that  is  wantingi  the  c&fierenceof  thefe  two.  is  the  nam- 
her  of  balls  in  the  broken  pile. 

Exam.  I.  It  is  required  to  find  the  number  of  balft 
in  a  broken  triangular  pile,  one  fide  of  its  bale  being.  3« 
balls,  ^nd  one  fide  of  the  uppermoA  tire  being  15  J 

Aft/.  4z8o. 

In  tht  whole  pile  th6re  is  2221112^=:  /^g6ct 

la  the  ps|rt  wanting  there  is  iiiii£^liZ=     680  -> 

DifFerence    4280 

2.  How  many  balls  are  there  in  a  broken  fquare  pile,.- 
ihe  number  in  one  fide  of  the  bafe  being  40,  and  the. 
number  in  a  fide  of  the  uppermofl  tire  being  20  ? 

An/*   19270.. 


In  the  whole  pile  there  is- i2.?ilii?il"=:  22 140 

6 

In  .the.  part  wanting  there  is  22iiiiilll=:  2870 

6 


Difference    19^7^ 

Ii^  rc£tenguter.  piles,  each  horizontal,  tire  is  a  rcftan* 
'gle,  the  uppermofl  being  one  row  of  balls;  and  the 
number  of  horizontal  tires  is  equal  to  the  niiml>er  in  the. 
bteadxh.of  the  bafe.         ' 


6.  Tck^ 


I 


■O  U  »  N  E  U  Y.  g;^ 

*€•  To^nd  the  number  of  fliot  in  an  oblong  pile. 

Compute  the  number  of  fhot  in  a  (qoare  pile,  each 
"^e  of  its  bafe  being  the  breadth  of  the  re^angular  bafe. 
Then  take  the  differeoce  between  the  length  and  breadth 
of  the  re():angular  bafe  ^  multiply  the  breadth  +  i  bf 
half  of  the  breadth,  and  mujitiply  the  prodnfl  by  the  faid 
difference,  the  lall'produfl  is  the  number  of  balls  in  the 
prifmatic  pile  *,  and  the  fum  of  the  two  is  the  number  of 
balls  in  the  whole  pile. 

Note.  Every  oblong  pile  confiAs  of  a  fquare  pyramid, 
(each  fide  of  its  bafe  being  the  breadth  of  the  oblong 
pile)  and  the  triangular  prifm. 

Exam.  There  is  a  compleat  oblong  pile  of  15  tires, 
the  number  of  balls  in  the  top  row  being  j2 ;  it  is  re- 
^  quired  to  find  the  number  of  (hat  in  this  pik. 
.  -^'i/*  4960. 

Here,  the  difference  between  the  length  and  breadth 

-  4bf  tlie  bafe  is  31,  and  the  breadth  of  the  bafe  is  15. 

A    fquare   pile,   the  fide  of  whofe  bafe  is   15,  is 

• 

11^-14?^=  1240.    The  breadth  «f  the  bafe  +  t  is 
6 

16,  and  the  half  "breadth  is  74^,  and  16X71X31  =3720. 
Laftly,  i24o+372o=49<5o. 

7.  To  find  the  .number  of  fliot  in  a  broken  obloog 
pile. 

To  twice  the  length,  and  to  twice  the  breadth  of  the 
ujpermoft  tire,  add  the  number  of  tires  —  i,  and  multi« 

-  ply  the  two  fums  together  5  alfo  multiply  the  number  of 
tires  +  i,TDy  the  fatne  number  —  i,  and  add  one  third 

-of  this  produft  to  the  former:  Then  one  fourth  part  0f 

the 


«So  GUNNERY. 

the  fum,  multiplied  fcy  the  number  of  tires,  (hall  gtvc  Sic 
oumber  of  Aot  in  jh9  oblong  brolym  fiic* 

Exam.  Soppoie  there  is  a  broJteo  oWong  jwle  of  (hot, 
the  length  of  the  uppcrmoft  fire  beiog  15,  and  its  breadth 
«d  balls,  and  the  nnmber  of  tires  1 1  ;  it  is  rcqmred  to 
find  the  nnmber  of  (hot  in  the  pile  I 

Here  twice  the  length  is  50,  and  twice  the  breadth  is 
32,  and  the  nnmber  of  tires  —  i  is  10. 

Then  60  X  42  =  2520  is  the  (irft  produft,  aMb  li 
X  to  =  1 20  is  the  fecond  producl,  one  third  of  which 
is  40,  and  2520+40=^2560. 

Laftly,    II^——=:64CX  1 1  z=*jo4  o  1>alls,  the  aofwer. 


S  E  C  T.      VIll 

The  NATXTRE  and  USE  of  LOGARITHMS. 

<  • 

IF  the  natural  numbers  are  confidered/as  terms  pf  an 
infinite  (eries  of  proportionals,  beginning  at  unity, 
and  either  incr^afing  or  decreafing  to  infinity,  the  loga- 
Tlthm  of  any  number  is  its  diflance  from  nnity  in  that 
feries.     Or, 

^Logarithms  arc  artificial  nuihbers,  fo  related  to  each 
^ther,  and  ro  the  natural  cumbers,  that  the  fum  of  any 
two  logarithms  ib  the  logr.rithm  of  the  produft  of  their 
two  natural  numbers;  and  the  difference  of  any  two  lo^ 
garitfams  is  the  Jrjgirirhm  of  the  quotient  of  their  two 
Htiatunal  numbers,  i-o^iirithms  are  a  feries  of  numbers  in 
arithmetical  progreffion  correfponding  to  other  nnmbers 

io 


d>  ta  GAftif  HMs.         28^ 

^in  gfeomttrical  prbgreffioh  5  and  tfecir -nature  a^d  pr6per- 
*  ties  ai-e  to  lie  ^derived  from  the  known  properties  of  thefe 
progrciSons. 

If  the  coniknon  difference  bf  any  feries  of  niUBbers^a 
ariihmetical  progreffion,  whofe"^firft  term  is  o,  be  reprc- 
lented  hy  d',  and  the  common Tftdo  of  a  feries  of  num- 
bers in  geometrical  progreiSon,  whofe'firft  term  is  i,  be 
reprefented  By  r  3  then  fliall  the  €6>efiidents  of  rf  in  the 
arithmeueai  progreffion  be  equal  to  ^he  indices^  or  expo« 
neats^  of  r  in  ehe  geometrical  progreiGon- 


Examples^ 

^Arith.  'Pr(^.    o    d   2d  ^d  4J  $d  6d  jd   Srf,  .  &c. 
Geom.  iProg.    i  :  r:  f*  :r^  :r^:  r*:  r^ir'':  rS    &c. 

I.  If  rf=i,  and  r=3,  the  above  progreffions  will  be, . 
Arith,    012.3      4S       6'       7         8         9 
Geom.  1 :3  :  9  :  27  :8i:243:729:2iS7:656i- 19683 

2*  If  ^=3,  and  r=3,  then> 
Arith.    o     3    6     9    12    15     i8      2i       24       27 

Geom.  X :  3  :  9*:  27  :8i:243:729:2i87:65^i:i9683 

3,  If  rf=;i,  and  rzziOi  then,      ' 
Arith.    01        2  3  4  5  ^ 

*  Ceom.  1 :  10  :  ioo  :  1000 :  loooo :  looooo:  1 000000 

In  thefe  progreffions,  it  is  manifeft, 
i.  That,  when  </=i,  every  term  in  the  arithmetical 
fenes  exprefles  the  diftance  of  its  correfpondent  term  of 
'  th^  geometrical  feries  from  unity,  or  i,  agreeable  to  OUip 
'  definition  of  logarithms. 

Nn  2.  That 


i$z  OF    LOGAfllTHMS. 

a«  That  if  any  two  or  more  terms  of  the  arithmedcit 
feAes  be  added,  and  their  correfpondeat  terms  of  the 
geometrical  feries  be  multiplied  into  each  other^  the  fua 
and  prodafi  iball  bt  .correfpondinf  terms* 


Examples. 

1.  In  the  general  feries,  the  fum  of  2d  and  3^/  is  ^d, 
^nd  the  produft  of  their  correlponding  terms,  viz. 
r*Xr'=:r*  ;  which  is  the  term  c^nrefponding  to  54/- 

.2.  In  the  progreffion  where  rf=i  and  rz:^,  we  have 
2+3=5,  and  9  X  27=2431  the  term  correfponding  to  5. 

3.  The  fum  of  2,  3,  and  4,  is  p.;  and  9x27x81= 
J9683,  the  Arm  correfponding  to  9. 

4.  Ifi  the  feries  where  (/=:3,  and  r=3«<  The  fum  of 
.6  and  18  is  24 ;  and  the  produA  of  9X729=6551,  the 

term  corrciponding  to  24.     And  the  fame  holds  true 
every  where. 

3«  If  any  term  in  the  arithmetical  feries  be  doublec 
or  tripled,  and  its  correfponding  term  in  the'geometrica 
feries  be  fquared,  or  cubed,  the  reftlts  will  be  correl 
ponding  terms. 

Exam.  In  the  feries  where  J=i  andr=3.  Thedoub 
of  3  is  6,  and  the  fquare  of  its  correfponding  term  27 
729,  which  corrcfponds  to  6. 

2.  The  triple  of  3  is  9,  and  the  cube  of  27  is  19683 
which  is  the  term  correfponding  to  9. 

4.  If  any  term  in  the  arithmetical  feries  be  iiibtrafle 
from  another,  and  their  correfponding  terms  ia  the  geo 
•anetric  feries  be  divided  one  by  the  other,  the  difFcreno 
:gnd  quotient  (hall  be  correfpondent  terms. 

■ExAMf 


OP  logarithms;  28-3 

%XAU.  The  dilTerence  between  2  and  5  Ts  3 ;  and,  if 
243  be  divided  by  ^y  the  quotient  is  271.  which  corret 
ponds  ta  3^ 

.  5.  If  any  term  in  the  arithmedcar  ienes  be  dirided  by 
a  or  3,  and  the  iqiiare  or  cub$  root  of  the  correfpond* 
ing.term  be  extradledi  the  quotient  and  root  ftull  be 
correipondiog.  terms*^ 

Exam.  i.  The  half  of  8'iSr4,  and  thefqnare  root  of 
65161  is  8I9  which  correfpoods  to  4« 

2.  The  third  part  of  9.  is  3,  and  the  cube  root  o£ 
19^3  is  27,  which  is  the  correfpondent  term  to  3.. 

^Heace>  it  is  evident^  that  the  tefms  of  the  arithmetical 
pco^efGoQ  are  logarithms  of  their  correfponding  terms 
ef  the  geometrical  progrefiion\.  And  fmct  d  and  r  may 
reprefent  any  number  whatfoever  \  if  d=zij  and  r=io» 
(as  in  the  lad  progreffion),  the  arithmetical  pr#greflibn 
"Will  be  the  commaa  logarithms-  now  in  ufe.  But^thefe. 
are  oaiythe  logarithms  of  the  numbers  it>,  yoo»  loo^y 
ice. ;  and,  in  order  to  find  out  the  logarithms  of  the  in- 
termediate:  ntunbers  2,  3,  4,  &c.  it  may  be  obferved» 

I.  In  any  geometrical  progrefnon,.if  between  any  two» 
adjacent  terms^,any  number  of  mean  proportionals  be  in- 
terpolated, a  feries  of  terms  will  be.  produced,,  which  are. 
alfo  in  geometrical  progreflioa. 

Exam*.  Let  the  propofed.geometrical'  progpeffion  be 

Fkce  one  mean  between  eyery  two  tenns,,  and  the  fe*^ 
ries  (hall  be 

L  fr»'  f^  r^  ic«  r«**  r** 

And  if  three  means  be  placed  between  every  two  terms,, 
the  feries  (hall  be 

M  n  z*  0.  Iff' 


2»4  O?    1-OGARITHMS. 

2.  la  like  fl^^iicr»  if  between  the  terps  pf  an  andi-: 
inctical  progrei9^0(u  thcr^  be.  iwcrpolated  aay  nnmbec  of 
arithtnetical  meaos,  there  will  be  produced  a  lerics  i& 
arkkmetical  pi:<)greifioai 

"Exam.    In  the.  arithmetical  progrcfliott 

o     :    4     :     8     :     12     :      i5     •      2^ 

Place  one  mean  between  every  two  terms,  and  the  pro* 
grefiion  will  be       .  ^        . 

o  :  2  :  4  :  6  :  S  :  10  :   12  ;   14  :  16  :   18  :  20 

Place  three  means  between  every  two  terms,  and  the 
feries  /hall  be 

0:1:2:3:4:5:5:7:8:9:10:11:1.2:13:14:15:16:17:18: 19:20 
And  if  one  mean  be  placed  between  every  two  terms  of 
this  feries,  we  (hall  have 

o:i'  I  •  li *  2  I  2i  '-  3  '.  34. :  4  :  44. :  5  - 54^1  6,  &c. 

Therefore,  the  ni|mbep  of  terms  in  any  pcogre£5oa. 
may  bq  ipcreafed  to  iafinity,  by  interpolating  means  be- 
tween every  two  adjacent  termf*    Hence, 

When  any  fyftem  of  logarithms  is  propefed  for  the 
natural  geometrical  feries  i,.}0,  loo,  looo,  loooo,  &c. 
if  a  great  number  of  mean  proportionals  be  interpolated 
between  the  adjacent  terms,  and  correfpondent  afithme- 
tical  means  be  interpolated  between  their  correfponding 
logarithms,  the  logarithms,  of  the  Intermediate  oatoral 
numbers  will  be  had.     For  example, 

A  mean  proportional  between  i  and  10153.1(5427766, 
and  its  logarithm  is  .5000000,  viz*  the  half  fum  of  o  and 
I,  and  a  mean  proportional  between  3.16227766,  and 
10  is  5»6234i32,  audits  logarithm i^ .7500000,  viz. the 
half:  fum  of  I  and  •s. '  and,  if  we  calculate  mean  propor»> 

^aals» 


jQF    ^O^AJ^lTirH^.  ^«SE 

tioa^lsi  And  their  .cPtc^pondiog^QS^i^ms  contiw^Uy 
betiw^ea  to  and  the  laft  found  flMan».  uotil  we  find  a 
ilpa^da  proportiontl  greater  tha&pi^  aad  thea  talculate 
meas  pK>pDrtioQaks  between  that  tntaii  god  the' next  lefs 
than  9  i.the  25tb  mean  will  be  fi> pearly  ^qual  to 9,  that 
it  wBl  no|  want  abftve-  loo^otj^^^cSf  afr  tinit ;  anrf,  by 
&adSBR§  ao^  arithmeticfli  mean  anIwdiiBg  m  every  geoine- 
fricat  meaij,  the^^jt^K  will  be  ckj 5fipi4X5>  *  whifeh  is  the 
common  logarithm  of  the  number  9* 
•  la  %liJ8  toarineVt*e"flH!^*ables  of  IbgaVkfate^  cal- 

c^kted  $  hftt  thi5  fhetbod  bang  verjr  tedious,  fhorter  me^ 
thodfe  hiwre  bee©  itwreniefl-  fcymefaiis  of  iifihite^ftrfefes^ 
whereby  logapi^hrt*  maj_  be  made^v  or  the  truth  of  any 
I0gari^mexamift«d^^#ifeh'lf6-tr6ublfe.   -     ' 

The  noble  inventor  of  logarithms  in^dteefeoitc  of  i- 
fjAem  different -frpm  that  in  prefent  ufe }  but,  foon  ^fter 
he- had  publiibed ,  hk' logatritmBs;  he  propoled  another 
more  commodious  form,  aQd  communicated, his  inyeAtioQ 
to  Mr.  Henrt^  BriggS',  Profeflbr  of  Geometry  at  Ox* 
f»rd,  who,  upon  Lord  N  a  bier's  deqsafC),  calculated  aod 
jjiublKhed  taUts  ^  of '  logar^hms  .qf  tjiis  Idnd  ^  and  hencev 
thofe  logarithois  that  were  firft  publiiliBeci  are  called^ 
Napier^ s  logarithms ^  and  the  other,  wbioh  are  now  ia 
commpn  ufe,  are  called  Briggs*s  logarithms^  although 
both  kinds  were  Lord  Napier's  invention*  A  fpecimea 

of  each  .]gn4  fpUpw^ :  -    ^ 

Numbcrflt 
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MMCrSi 

Nkpier's 

Muttbert. 

BifggsV 

li^gukhau^ 

.  Logtrithms* 

I  ' 

JOOOOOOO 

I 

•oeooo#a 

10 

2*3025850 

10 

x.ooooooo 

laa 

4.5051700 

SOO 

2. 000000a 

lOOO 

4 

<5-{K>775SO 

1000 

^•ooooooa 

xoooo 

9.2193400 

lOOOO 

4.00Q0000 

looooo 

11.51292$^ 

100000  ' 

5.0000000 

Thefe  two  fjftems  of  logaritbias  aie  fo  related  to  etch 
•ther^  that  Briggs*%  logarithms  may  be  £ud  to  be  derived 
from  Napur*s  ^  aad»  in  order  to  calculate  Srigg/s  loga- 
1  rithms,  it  is  neqeflary,  firft  of  allf  to  calculate  Ni^ier*9 
logarithm  of  10,  for  -which  pvLtfdk%  the  foUawiog  ieries 
has  been  invented. 

I  1  r 

If  any  number  be  reprefcntcd  by ,  Nafia's  h^ 

garithm  of  that  number  will  be 

2X^+j+y+y+l.+~+— ,  &e.    But,  in  applymg 

tfeis  fcrics  tapr^icc,  it  will  be  proper  to  begin  with  a. 
finall  number ;  for  the  Icfi  e,  is  taken^.  the  morcfwiftlj 
wilithe  feries  convergjew 

K^AM.  Let  it  be  required' to  find" ^/i//tfr^s  logarithm 
of  2? 


=:2 


!+#=:  2— 2«: 


••• 


3«i.    /srf  and  «=^ 
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aBy 


4f    S 

1 

r3333333333 

i^ 

370370370 

€^ 

41152263 

e'' 

4S7^473 

e^ 

508052 

e'^ 

56.450 

t^^ 

6272 

e^^ 

6^6 

.ir" 

77, 

t  =4 

^3333333333 

\'' 

,0123456790 

f 

«23©45Tt 

4*' 

453 2 iO 

i^' 

56450 

S'31 

A«" 

'  ^82 

tV;'* 

4^ 

•4 

*i              • 

•3465735898 

X     4 

2Vii/i>'8  logarithm  of  2=  .693 147 1 79iS 

Aod,  bcc^ufe  the  cube  of  2  is  8,  multiply  the  loga- 
rithm of  2  by  3,   the  produft  is  the  logarithm  of 
8=2*07944153^8.  / 

And,  bccaufe  8X|:  =  10,  calculate  the  logarithm  of  ^ 
and  add  ^t  to  the. logarithm  of  8,  the  fum  ftiali  be  the 
logarithm  of  10.  - 

1+^  -  -  ,  T 


,^-i        4-r4^=:5-S^-- 

■yf- 

:i               r=5^}  ttuu  rr-^ 

..€  =  .iiiMitrii 

.«  =r  .IIIIIIIIII 

#'           13717421 

e^               169350 

-**'                   2090 

^*                       25 

4*'          4572473 

T'*                        33870 
V'                              298 
^»                                 2 

/ 

of^ 

.1115717754 
X  2 

Napur*s  logarithm 

=  •223'4355®8 

To  vhich  add  the 

log. 

of  8     2.0794415388 

And  A«/w's  log.  of  10  is  5:2.3025850896 


In 


In  calculatiQg  the  logarithm  of  2,  i^^  attd  therefoife 
th€  firft  ftcp  is  to  write  down  the  dcdmal  of  f  =  .335^ 
Ac.  To  get  ^S  I  ttiultiply  f  by  ^*  =  ^ :  that  is,  I  divide 
•333»  ^c.  by  9,  and  >yritc  the  qaotiedt  .637037,  &c. 
tinder  the  value  of  ^.  For^*,  I  mnltijplyf*  by  e^  ;  that 
is, "I  divide  •037037,  &c.  by  9,  and  fo  on,  dividing  every 
power  of  ^  by  9,  I  get  f',  tf',  ^'*,  &c.;  the^  I  divide 
each  powier  by  its  index,  and  the  fum  of  the  quotients  Is 
the  half  of  Napier's  logarithm  of  2.  In  the  fitlne  man-, 
ner,  the  logarithm  of  ^,  or  of  any  other  number,  is 
found.  / 

Napierh  log.  of  lo  comes  Otft  5S  a.3 025-8 j;o89(^s 
but  if  inthe'firft  ftep^of  the  cakulatioii,  e  had  been  taken 
nearer  to  the  truth,  and  made  tocoiififtof  ty  plac^ 
of  decimals,  and  all  the  reft  {>f  the  op^4tion  carried 
on  accordingly,  Ndpief'^  logarithm  of  10  woilld  hare 
l^een  =2.30258509^994045,  and  its  redpro(»U  (that  is  x 
divided  by  it)  =.43429448 190325 1* 

A  fyftem  of  logarithms  being  given,  and  one  or  dSC^fe 
of  another  f}ff)en^,  any  bgarithm  of  fbit  oth^f  fyfiem 
may  be  found  thus : 

As  any  Ibgarithm  ^f  the  given  fyftem  is  to  it^  corrc- 
fpondent  logarithm  ifi  the  other  fyftem^  fo  is  any  othtr 
Ibgarithm  in  the  given  fyftem  to  its  corre^ondeut  loga- 
rithm in  the  other  fyftem. 

£xAM«  iVi/»;>r's  logarithm  of  10  bring  2*3025850, 
and  his  logarithm  of  2  =  .6931471,  alio  jBrigy/s  loga- 
rithm of  10  being  1.0000009  j  it -is  required  to  find 
-2r;^j/s  Jogarkhm  of  :$  ? 

-    •        -As 
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xt^ 


As  Napierh  togarithm  of    10=  ;3;t3P:^s8so 

Is  to  Brigg/s  logarithm  of  la  :=;  l«aoafiaap 

.&xi$yya/f/rVjogarithm  of  2.  ??    ,»$j3i47i. 

Tf>  Bfigg/s  logarithm  of      2  32    •Sf  19299 

.  J&La44!^cau{e  the  two  firft  terms  of  this  proportion  are 
C(Jii^ftafl|>  and  the  fccond  term  is  i,  if '^ny  of  Napier'^i 
logati^ms  be  divide^  by^.^o^jS^Ojiot  muhipl^ed  by 
its  reciprocal,  viz.  .4^42944,  the  quptijsnty  or  produft^ 
xyBl  be  Brigg/s  logarithm  of  the  fan^iiiimber.  Thiere-i 
fiore,  ^ 

To  calculate  Briggs^s  logarithms  difeftly,  we  miilt  ■ 

*  tf  I*       ■ 

.multiply  the.  feries  2X^+^+— +~y  &c.  by  .434^9* 
■  '  3  .     S       7 

&c.  J  or^  multiply^  X  ^--f — +^^  &c.  by  the  double 

of -43429,-&o  viz.  .86ay889.  Put  w  =  .B685889,  &c.' 
and  then  the  fcries  ^xprcffing  Sr4ggs*s  logarithm   of 


me^  \,  mg^  ,  n^"^  ,  me^  .  me 


Lti.  will  be  me+'—^-  '^ + "-^ +'::::-  + 
I— e  3        5        7       P        M 

Su:.    Or,  .        - 


1 1 


me 


X  3 


*3 


■^''.  ^^  .  f'  .  ^5  .  <f''  .  ^ 


1.3 


I J 


m>feV—+-^+-+-+^+'-~+ 
3       S       7      9       iL.     IJ      IS 


•  

Exam.  I.     Let  it  be  required  to  find  JSr/g-gj*s  loga- 
rithm of  2  ?  . 


1+^^:2— 2f  V '3^31  '      r=f,  and^*==f.; 


Oo 


/«« .. 


Zf©" 
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m     s  .86858B9638 


1 

fne    — 

.2 895296 J46 

mt  ^^ss 

.28$5a96546 

me^ 

321   99616- 

^«^'  * 

ro7233205 

me^ 

3S7444««" 

^iW* 

7? 488^0 

w' 

397x600 

567371. 

i«^» 

441288.    . 

i>«i*» 

49^52; 

n^'" 

4903Z. 

tV"'':' 

4457 

w^'  » 

5448    : 

-rj«*V» 

419^ 

f»f«* 

605 

xV»"'  * 

40^ 

««*■' 

•       67 

1 

4 

Enggs^s  logarithm  of  2  ^  •30^0299954 


2.  To  find  ^r/g-^/s  logatlthmLof  3  ;  becaufe  2x1 -I- —  3, 
therefore  calcnlate  the  logarithm  oF  \y  and  add  it  to  th» 
logarithm  of  2,  the  fum  is  the  logarithm  of  3« 

iJ:£=»,       2+2^=3-3^  '-^  S^T*      ^^f>-  and  .e.^.z^zJ^.. 
1. — e 

m    =.8685889638 


me.  = 
me^ 


me 


me 


me 


me 


X  z 


•1737177927 
69487 1 17 

2779484 

iiti79^ 

4447 
'  U7 

me 
^fne^ 
fme^ 
■      ^mel 
ime^ 

f\me^ 

of  4. 
log.  of  2 

•  of  3 

=  •17371779^7 
23162372 

555897 
15S82 

494 
i6 

Briggs\  logarithm 
To  which  add  the 

=  I 76091 2588 
.3010299954 

The  fum  is  the  log. 

•  1 

^4771212542 
3-  To 
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3.  To  find  the  logarithm  of  4 ;  bccaufc  tlie  fquarfe  of 
2  is  4. 

.  Multiply  the  logarithm  of  ^  .=  •3^10299954 

' .  By  2 

••II  ■■  ■  ■    ■ 

The  prodtt<fl  is  the  log.  of  4;  ^  .<>02O599938 

4.  To  find  the  logarith.  of  5  ;  becaufe  .10  divided  by 
i  quotes  5. 

From  the  logarithm  of  10    =  i.cooooooooo 

Subtraft  the  logarithm  of        2  •.301^2,99954 


The  remainder  is  the  log.  of    5  .698970004^ 

5.  To  findthe  logarithm  of  6^  becaufc  3x2=6. 

To  the  logarithm  of  3      =  •4771212542 

Add  the  logarithm  of  2  .•30*0299954 

.   pi  I      III         «*— ^-^        111    >n      ■ 

The  film  is  the  logat  itbm  df  6  •778151 2496 

6.  To  find  the  logarithm  of  7;  -becaafe  6xJ-7, 
therefore  calculate. the  Ipgariihm  of  .-J-,  and  add-it  to  the 
logarithm  of  6,  the  fum  is  the  logarithna  of  7.> 


i—e 

-T      ^T^J^^J /c     -•-       ^^c^^A     '«^— XT>    "***^*^    "^TJir 

m   :=: 

.8685889638 

me  zz 
tne\ 
tne^ 
ote"^ 

•0668145356  ■             ^      nu   =..0668145355 

395353^2                    -Jw^             131784^ 

.^3393                    >f^                  4678 

138                           fflW'                               I J 

• 

Xogarithmof                 J         :;:  .0669467893 
Add  the  logarkian  dL    6            -77 8 1^5 1^49^ 

'Ttic  fum  is  the  log.  of  7        —  .8450980389 
'  O  iO  2  7.  Tc» 
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7.  To  find  the  logarithm  of  8  j  bccaufc  the  cube  of 
2  is  8. 
Multiply  the  logarithm  of  2     =   •3010299954 

By     ,  3 


1    I 


The  produdl  is  the  log.  of  8     =   .9030899862 

8.  To  fiad  the  logarithm  of  9  j  becaufe  the  fquare  of 
3  is  9. 

Multiply  the  logarithm  of         .3     =.477121 2542 

By  -  •  2 


•  The  produft  is  the  log.  of         9     =   ^9542425084 

9.  To  find  the  logarithm  of  1 1 ;  becaufe  10  X  -J-icri  i, 

fiud  the' logarithm  of -j-^^i  and  add  it  to  the  logarithm  of 

10,  the  fum  is  the  logarithm  of  1 1. 

i+e 

-^ZZ^-ii      lo+io^ztii-rii/?  •••  2i^=:i        i?=vVj  and 


m  =  .8685889638 

■ 

fne  53  .0413613792 
fne^               937899 
^e^                    2116 

• 

me  =»04i36ij792 
^me'               312633 
{me\                    42s 

• 

Logarithm  of 

Add  the  logarithm  of 

( 

4-i    =  .0413926850 

iO         i.oc^oooooooo 

The  fum  is  the  logarithm  of 

11           1.04135^6850 

• 

—4 

TO.  To 
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TO.  To  fliid  the  logarithm  of  la  j  becatfi  6x2-12. 
To  the  logarithm  of  ^    =  -7  7  8 1 5 1  ^496 

Add  the  logarithm  of  t        •3^1^^99954 


The  film  is  the  logarithm  of  I2  =  1.079 181 2450 

*  '  «  * 

ti.  Tofifidthelogarithto  of  13  5  becaiife  i2><Ti==i3; 
iind  the  logarithm  of  -fl,  and  add  it  to  the  logarithm  of 
.12}  the  fum  is  the  logarithm  of  13. 

and 


ilL£=44.      12+12^=13— : 1 3^  •••  25^=1 

^  =  .8685889638 


■ArtMHWi 


«»  2»  .03474355*5 


m«' 


m;- 


555896 
.      889 

Logarithm  of 

Add  the  logarithm  of 


185298 
178 


^haiWB 


:^     =:   .0347621061 
12  1.0791^812450    ' 


The fom 46  thei^  logarithm  of  13  =:  i*i  1394335x1 

12.  .To  find  the  logarithm  of  144   becaufe  7x2 
-14. 

To  the  logarithm  of  7    =  -8450980389 

.  Add  the  logarithm  of  2    .    •3010299954 


The  fum  is  the  logarithm  of  14  =  1.1461280343 


13'  To 
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13.    To  find,  the  logarithm  of  15  ;  becaufe  5  )C3 

To  the  logariUim  of .  5    =   .6989700046 

Add  the  logarithm  of  3  .477 121 2542 


The  fum  is  the  logarithm  of  15  =  1. 1760912588 

14.    Ta  find  the  logarithm  of  16 ;  becaafe  the  fquare 
of  4  is  16. 
Multiply  the  logarithip  of  '         4    =:  .602059990S 

By  2 


The  produft  is  the  log.  of  16  =      1.2041 19981^ 

15.  To  find  the  logarithm  of  17;  becaufc  16  Xt^ 
=ri79  calculate  the  logarithm  of  4^,  and  add  it  to  the 
logarithm  of  i^,  the  fum  is  the  logarithm  of  17. 


— yy            iuxi«»^— *7        *i 

J^   '*    J3«^-*           ^^=TT>  »*«* 

^      -i  X)  a  5-« 

fn     =  .8685889638 

* 

fne  ==  .0263208776 

*  pi^  =r  .•263208776 

tn^^                241697 

ytne^                8056; 

me^                     22r 

T«^'                        44 

Logarithm  of 

4f    =  .026J289385 

Add  the  logarithm  of 

16        1.2041199816 

• 

The  fum  is  the  logarithm  of  17    =:  1.2304489201 

16.  To 
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16.    To  .&a±  the :  logarithm  of   18}   becaufc  '  pxz 
=  j8- 

To  the  log^thixi  of  ^    =:.  .^542425084. 

Add  the  logarithm  of  <^   -       .301 02^995  4 


The  fumls  thelpg^ithmof  18  /    x. 2552725038 

•    -    A 

17^    T»  fiodi  the  logarithm  df  19;  becanfe'lfxiS 

> 

=:  1 9f  calculate  tUe  logarithm  of  i|>  aad*  add  it  to  the 

logarithm  of  i8>  the  fum  is  the  logarithm- of  ici. 

I  +^ 

— -=^ri      18+18^=19— 19^  •.•33^=1.       ^i=yV,.an4 

'  — Tyryr 

m  =  .8685889638' 


w^  =  .0234753774-      '  »'?  =  *0234  75^774 

me^  •X7M78  t"^^*  57*59 


,r  i-)*--     .  ^♦•.^r 


l»tf*  125  y«?if^  25 


Logarithm  of  4^    =  .02348  X0958' 

Add  the  logarithm  of  18       I.255272503& 


Tlie  fum  is  the  logarithm  of  19    =  1.27&7535996 

By  theie  calculattoos,  we  have  obtained  the  logarithms 
•f  the  firft  20  oumbers.  true  to  eight  places  of  figures^ 
wluch  are-  as  follows; 


K 


t 


OF   LOGARITHM* 

•  •  • 


I 

a 

3 
4 

5 
6 

7 

9t 
lo 


.oeo(5oooo 

.60205999 
•69897090 
.7781512^ 
.84509803 

•  ^030699)9 

•9S4242i<> 

iu)oooooo6 


II 
Id 

13 

14 

SI 

17 
18 

20 


1.04139265^ 
•  irQ79f&ia4 

«*<*394335 

1.14612803 

1.1^6091^5 
1.2041' I  ^98- 
1.2304489Z 
'  1:^1551^250 
1-27375360 
1.30102999 


In  the  fame  m«nguBr>'  the  wHofe  tabic  of  lo^^tbms^ 
may  be  made  to  any  extent. 

1.  It  may  be  obferved,  that  this  work  is  moft  tedious 
at  the  begianiog,  and  becomes  eaGer  as  we  advance;  for^ 

fewer  terffis  of  the  feries  give  the  log^tfam  of  -^thsfiof 

2  9  and,  in  numbers  above  ioq  and  below^  lopp,  the  firil 

term  wiH  give^e  logarithm  true  to  (even  places  of  figures  j . 
and,  ia  as^  number  ^hove  ioqo>  tlie  firft  term  of  the  ieries 
wHigive  the  logarithm  true  to  eight  or  Dine  places. 

2.  When  the  logarithm  of  any  number  is  known,  the 
Ibgarithms  of  ail  its  multiples  by  10,  106,  1000,.  &c.- 
are  alfo  known  s  for  the  logarithia  iof .2  is.tbe  Xanoe  with 
the  logarkhmof  510,  ;oo,.2ooo,  2«ooo^  Or  2ooooo»  iScp 
except  the  indices  which  are  to  be  pr^^4  accpfd'^ng  to 
the  number  of  figures  in  the  natural  number.  And  the 
fame  is  true  of  any  other  number. 

3.  The  logarithms  of  all  compofite  numbers  are  found 
by  ■  addition  or  fubtraftion,  as  may  be  feen  in  the  above 

examples* 
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examples.  It  is  only  in  calculatiilg  the  logarithms  of 
prime  numbers  that  the  feries  muft  be  applied. 

The  logarithms  of  prime  numbers  may  alfo  be  found 
by  either  of  the  two  foUowiog  rules :. 

I.  The  logarithms  of  the  numbers  next  below  and  a- 
bove  any  prime  number  being  giveuj  to  find  the  loga- 
rithm of  that  prime  number* . 

Let  a  and  6  reprefentthe  adjacent  numbers,  whofe  lo- 
garithms are  known  J  /=  the  number  whofe  logarithm  . 

IS.    fought  y  y  =  ai-i =  2a^+i  j      ^nd     ti=z 

4 

.43429448190,  &c.  Then  the  logarithm  of  the  ra- 
tio of  the  geometrical  mean  between  a  and  ^,  viz. 
V  ab^    to     the  arithmetical  mean^  .  viz.    /|     fhall  be 

y    3;'    sy'    ly' 

In  numbers  between  20  and  100,  the  firft  term  of 
this  feries  will' give  the  logarithm  true-  to  9  places* of 
figures;  and,  in  numbers  above  100,  the  firft  term  will  1 
give  the  logarithm  true  to   la  or  14  places  of  figures. 
Therefore,  fince  the  firft  term  of  the  feries  will  prod  it  ce 
any  logarithm  for  common  ufe,  we  have  this  praf^kal  ^ 
rule  for  finding  the  logarithm  of  any  prime,  number  a-  - 
bove  20. 

Mol^ply  the  ad[}acent  number?,  one  by  the  other,  , 
and  add  i  to  double  of  the  produft.  Divide  : 
.43429448190  by  the  fuhl,  and  add  the  quotient  to  « 
the  half  fum  of  the  logarithms  of  the  adjacent  numbers,  . 
the  fitm  is  the  logarithm  required. 

P,p.  ExAM*:< 


2^ 
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Exam.    Let  it  be  required  to  fiad  th&  logatitbm  of*" 
23? 

tf=22,  ^24,  drfid  2ah+  1=105 7z=jt 

io57).43429448ic^(. 00041 08746a. 

The  log.  of  22  =  1.34242268082  ' 
Ditto  of  -    24=  1.38021124171 


2)2.72263392253  fum 

Half  fum  =  1.36131696126 

To  which  add  .0004 ig 87462 


Log.  of  23        =  i-36i7278'3588  too  little  by  2  in  the^ 

loth  place. 

T.   The  logarithm  of  the  ratio  of  the  geometrical 
mpan  to  the  arithmetical  meaa  may  alio  be  found  thus  :.. 

Let  y  reprefent  the  difference  between  the  logarithms 
0/  the  adjacent  numbers,  and  2  the  number  whofe  loga^ 

rithm  is  fought.     Then  y  X—jl — I | — 1 —  is  the  lo-<^ 

42    242*    3O02* 

garitbm  of  the  ratio  of  the  geometrical  to  the  arithmetic 
cal  meaa. 

This  feries  does  not  converge  fo  quickly  as  the  for-*^ 
mer,  and  therefore  not  fo  proper  for  fmall  numbers* 
But,  if  the  prime  number  is  between  100  and  1000,  the 
firft  term  of  ^he  feries  will  give  the  logarithm  true  to  9, 
places  of  figures  ;  and,  in  numbers  above  1000^' to  12  or 
14  places:  Wherefore,  to  find  the  logarithm  of  any. 
prime  number  above  100,  divide  the  cUfilrence  of  the 
logarithms  of  the  adjacent  numbers  by  'four  times  that 

prime 
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•prime  number,  and  add  the  quotient  to  the  half  fam  of 
•the  adjacent  logarithms,  the  fum  is  the  logarithm  re- 
quired. 

£xAM«    Let  it  be  required  to  find  the  logarithm  of 
:iox  ? 

The  log.  of  100     =:    2.0000000000 
Ditto  of       102    =     2.0086001717 


• 


Sum  —    4.00860017 1 7 


'Half  fum     =    -2.0043000858 


Difi.  r=       .eo86oo  1717 

'2=1101  X4=r404).do86ooi7i7(.oooo2i2''87s 

Add         21O043000858 


'Logarithm  of  i  b  i     ts    2,004 3213733 

True  to  the  loth  place, 

'The  "firft  of  thefe  rules  was  invented  by  Dr.  Ralley, 
nhe  other  by  Dr.  John  KelL 

The  ufc  of  logarithms  is  to  fhorten  the  operations  of 
multiplication,  divifion,  railing  powerS}  and  extracting 
roots,  in  common  arithmetic. 

To  anfvver  this  end,  it  is  nccefTary  to  have  the  loga- 
rithms of  all  numbers,  ready  to  be  ufed  as.  occafion  re- 
quires. Butbecaufe,  in  the  common  problems  where 
logarithms  are  moft  ufeful,  the  numbers  feldom  exceed 
^ve  or  fix  figures,  tables  of  logarithms  have  been  made 
for  all  numbers  under  10  or  100  thoufand  only,  from 
*^bich  the  logarithm  of  any  number^  and  the  number 

P  p  2  anfwcring 
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anfwering  to  any  logarithm^  may  be  had  trae  to  fix  or 
feven  figures,  accordiog  to  the  es^teot  of  the  tables. 

Since  the  logarithm  of  i  is  o,  and  of  lo  is  r,  the  lo- 
garithms of  numbers  between  i  and  to  are  greater  than 
o,  and  lefs  than  i ;  that  is,  they  are  decimal  frafllons. 
Vide  p.  281,  J5*f. 

#     And,  fince  the  logarithm  of  10  is  i,  and  of  100  is  2, 
the  logarithms  of  numbers  between  10  and  160  will  be 
greater  than  i,  and  lefs  than  2,  or  mixed  nurtibers,  hav- 
ing I  in  the  place  of  integers,  and  the  reft  decimal 
.  f raft  ions. 

The  integral  part  of  a  logarithm  is  called  its  indexj 
or  charaEleriJiic ;   becaufe   it   denotes   the  number  of 
figures  in  the  natural  number  anfwering  to  the  loga- 
.  rithm. 

The  index  of  a  logarithm  is  ah^'ays  an  unit  lefs  than 
the  number  of  figures  in  the  integer  number,  whofe  lo- 
garithm it  is.  Thus,  the  index  of  the  logarithm  of  -a 
number  coniifting  of  one  figure  is  o,  of  2  figures  is  i,  of 
3  figures  2,  and  4  figures,  3,  &c.  as  in  th.ele  examples. 

..ITurnb.  .Logaiithms.  .Numb.  Logaritl^ms. 

7         0.8450980  325675        5.5127845 

17  1.2304489  4^97255        <5.6899527 

139  2.i43«i48  92675000        7.9669626 

5262         3.721 1508  687540000       8.837298© 

5(5990         4-75579^7        A991l^^^^^       9.6987580 

Therefore,  the  indices  of  logarithms  (being  known  by 

the  number  of  figures  in  their  natural  nuxnbers)  need  not 

be  printed  in  the  tables. 

Whea 
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*ll^hcn  a  logarithia  is  propofedi  its  index  (hows  how 
'-many  iateger  figures  the  correfpendiBg  number  confifls 
of,  being  always  one  figare  more  than  there  are  units  in 
the  index  of  the  logarithm.  • 

Numbers  which  confift  of  the  fame  fignlficant  figures, 
have  the  fra^ional  parts  of  their  logarithms  always  the 
:  fame^  and  differ  only  in  their  indicesi^  as  in  the  following^ 


1 

Examples. 

Numb. 

XtOgarithms. 

47500 

4,6766936 

4750 

3,6766936 

47S 

2,6766936 

47-S 

3,6.766936 

4-75 

0,67669.36 

•475 

9,6766936 

•0475 

8,6766936 

TThe  index  of  the  logarithm  of  a  decimal  fraftion  is 
iiegative;  thus  the  index  of  .475  -is  properly — i,  of 
•0475  — ^y  ^^^  of  •00475  — 3  >  ^^^9  ^o  avoid  negative 
numbers  in  additipn  and  fubtraftion,  their  complements 
to  10  or  100  are  made  ufe  of;  and,  inftead  of  —  i,  -^2, 
— J,  the  indices  are  made  9,  8,  7,  or  99,.  98,  97. 

The  following  table  contains  ihc  logarithms  of  num- 
bers from  I  to  1 0000 ;  their  fraftional  parts  conlifling 
of  7  figures,  from  which  the  logarithm  of  any  number 
may  be  had  from  i  to  1 0000000  by  the  following  rules : 

I.  To  find  the  logarithm  of  any  number  below  loco. 

Find  the  number  near  the  beginning  of  the  table  in 
the  column  marked  N^«  at  the  head  ^  and  next  it  on  the 

right 


^ 
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Tight  hand  is  the  fraflional  part  of  the  logarithm,  to 
\irhich  pre£x  its  proper  index. 

^    •  Numb.  Logarith. 

-Examples.        19  "i«2787536 

3<$4  2.561 1014 

795  2.9003671 

2.  To  find  the  logarithm  of  any  numbdr  confifting  of 
•four  figures. 

Find  the  firft  three  figures  of  the  number  in  the  co- 
lumn marked  N°.  and  the  fourth  or  lafl  figare  on  the 
head  of  the  page ;  below  which,  oppofite  to  the  'firft 
three  figures,  you  have  the  four  or  five  laft  figures  of 
the  logarithm  ;  to  which  prefix  the  common  figures  ia 
the  fecond  column  marked  with  Oj  or  5,  and  the  in- 
dex 3. 


Natoib. 

Logarith. 

Exi&MPLcs.     1974 

3.2953471 

3785 

3.5780659 

4977 

3.6969676 

6748 

3.8291751 

"N.  B.  The  common  figures  in  the  fecond  column  an- 
fwer  to  thofe  in  every  column  after  it,  in  the  fame  and 
following  lines,  until  the  figures  in  the  following  co- 
lumn begins  with  o,  and  then  you  are  to  take  the  com- 
mon figures  -next  below,  as  in  the  fourth  example  above- 
3.  To  find  the  logarithm  of  any  number  confifting  of 
five,  fix,  or  fcven  figures. 

Find  the  logarithm  of  the  firft  four  figures  as  before, 
to  which  prefix  the  index  according  to  the  number  of 

iigurec 


OF'  LOGARITHMS.  3xg 

fi^es  in  the  given  nnmber ;  and  then  take  the  difference 
betvinsen  the  logarithm  found,  and  the  next  greater  in  the 
table  ;  wluch  multiply  by  the  remaining  .figure  or  figures 
in  the  given  number  9  and  ftrike  off  the  number  of  figures 
from  the  produ6):by  which  the  difference  was  multiplied. 
Add^the  remaining  part  of  the  {>rpdud  to  the  logarithm . 
before  found ;  the  fum  is  the  logarithm  required. 

Exam.  i.  What  is  the  logarithm  of  25768?  - 
The    logarithm    of    25760.   is  4*4109459 

DiiFerence         1685  add  1348 

Multiply  by^  &  

— —  Log*  o£  25768=4.41 1 0807 

1348I0 

2.  What  is  the- logarithm  of  498797  ? 

The    logarithm    of    498700    is  Sr^9783J4- 

add  845. 

Difference     8?  2  — 

Multiply         97  Log.  of  49,8797=S'6979^39^. 

6104^ 
7848' 

84SI84 

3.  What  is  the  logarithm  of  5^7^979  - 
Anf."  6.7542703. 

4.  To  find  the  logarithm  of  a  proper  fraftion,  fub-- 
traft  the  logarithm  of  the  denominator  from  the  loga- 
rithm of  the  numerator,  the  remainder  is  the  logarithm 
ef  the  fraAion. 
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ExaVl.    What  19  the  logarithm  of  m  > 
From  the  log.  of  179  (add  10  to  its  iadex]  12.2528530. 
Sttbtraft  the  log.  of  479  ^•^303355 

Jfj/.        9-5725175 
To  find  the  logarithm  of  a  jnixt  namber^  foch  as  i^> 

2t>  23H>  &C. 

Reduce  the  mixt  number  to  aa  improper  fraftion, 
and  fubtrafl  the  logarithm  of  the  denominator  from  the 
logarithm  of  the  numerator^,  the  remainder  is  the  aii*^ 
fwer. 

Exam.  1.  What  is  the  logarithm  of  14  ? 
14  =  4  From  the  log.  of  3         .4771213 
Subtr.  the  log.  of  a    —  .3010300 

There  remains  the  log.  of  li     =   -1760913  « 

* 

2*   What  is  the  logarithm  of  2^  ? , 

2^  =  I         log.     of    9  .9542425  ; 

ditto  *  of.    4 .,  .6020600 

log.      of      2i  .  .352I»2J 

3...  Required  the  logarithm  of  23^4-  • 
f-W  log.     of  1092     3.0382226 


tJ^^  ditto   of       47  —  1.6720979- 

log.  of  23^^  =3   1.3661247 

4.  What  T$  the  logarithm  of  J97tV  ?  ' 

i97TV  =  Hr-    ^og-   of    3748    3-S737.996  ' 

ditto  of        19—1.2787536 

log.  of  197,'^  =  2.2950460 

5.  T» 
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5.  To  find  the  logarithm  of  a  decimal  fradioD,  pro- 
ceed as  if  it  were  an  integer,  and  prefix  the  proper  in- 
dex. 

t 

N*^;  Logarithms.  N*^.              Logarithms, 

.5  9.6989700  -.075             .8%875o6i3 

.25  9-3979400  •0015             7.1760913 

•  125  9.0969100  .000325        6.5M8834 

.•4795  .        9.6«o7886  .00007925  •  5.8989993 

6.  To  find  the  number  anfwering  to  any  given  -loga- 
rithm. 

Look  for  the  fradlonal  part  of  the  given  logarithm  ia 
the  different  columns  until  you  find  it,  either  exaftly,  or 
the  next-  lefs.  And,  in  a  line  with  th^  logarithm  found, 
in  the  column  marked  N°.  you  have  three  figures  of  the 
number  fought,  ^nd  on  the  top  of  the  page  you  have 
one  figure  more,  which  write  down,  and , point  if  <iccord- 
ing  to  the  index  of  fhe  givenlogarithm. 

If  the  logarithm  is  not  found  exadlly  in  the  tables, 
and  more  than  four  figures  are  required,  fubtraft  the  lo- 
garithm found  in  the  lable  from  the  given  one,  and  di- 
vide the  reinainder  by  the  difference  between  the  loga- 
rithm found  arid  the  next  greater  •,  the  quotient  joined  to 
the  four  figures  already  found,  givjss  ihe  number janCwcr- 
ing  to  the  logarithm. 

Examples. 

To  find  the  number  "anfwering  to  the  logarithm 
2.7342957.  Seek  in  the  fecond  column  for  the  three 
figur-es  next  the  index  (.734)>  afnd,  having  found  tiiem, 
look lamong  the.  columns  on  the  right  hand  for  the  laft 
four  figures,  and  in  that  under  3,  you  find  2396  j  there- 
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fore  the  ncmber  is  C4^3  ;  but,  bccatife  the  index  of  the* 
logarithm  is  2,  the  ni]in1)et'  aafwering  hath  only  three  iih 
teger  figures,  and  the  lafl:  is  a  decimal,  viz.  542.3« 

If  more  figures  are  deflred,  divide  the  difference  be- 
tween 2957  and  2396,  viz.  561^  by  801,  the  differcfice 
of  the  logarithms  (annexing  o  to  561),  the  quotient  7> 
joined  to  th^  fornaer)  makes  the  anfwer  542.37. 

Required  the  numbers,  anfwering  to  thcfe  loga* 
iiihmd. 

0.73^)9425  1.2786536 

1.2345678  1.9003671 

5;.6549764  3-7^5432t 

3.7496543     ,  4-<^84977^ 

5.976^423  J,a497«94 

« 

L0GARITHMICAL    ARITHMETIC. 

7.  To  perforoi  inuhiplication  by  logarithms,  add  the 
logarithm  of  the  multiplier  to  the  logarithm  of  the 
multiplicand  5  the  liim  is  the  logarithm  of  the  produft. 

1.  Multiply     379  2.5786392 
By              47  1.6726979 

Produft  178 13  4*250737 1 

2.  Multiply  79.8  by  2.79. 

8.  To  perform  divlfion  by  logarithms. 
Subtract  the  logarithm  of  the  divifor  from  the  lo^ 
rithm  of  the  dividendi  the  remainder  is  the  logarithm  df 
the  qootieat; 
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4 

•ExiM.  !•  Divide  25768  4.4110807- 

By  3^4  2.561 1014 

Quotient  70.7912    '        i'S499793 
2.  Divide  47<J954  by  S9.5. 

9.  To  fiad  a  fourth  proportional  to  three  given  num- 
bers, or  to  work  the  rule  of  three  by  logarithms  : 

Add  the  logarithms  of  the  fecond  and  third  tJrms^ 
and  fnbtradl  the  logarithm  of  the  firft  term  from  the 
film )  the'  remainder  .is  the  logarithm  of  the  fourth  term, . 
or  anfwer.  • 

£xAM«    If  497  yards  coft  L.  287 ;  what  will  389/ 
yards  coft  ?  uir^/.  L.  224  ;  1 2  : €.  ^ 

As     497  7^-696^564 

Is  to  287  2^457*8 19- 

So  is  389.  ?.589949<? 


5-0478315 
'2.6g6^S^4 


*** 


yoL.  224.633  2.35.1475^^ 

N.  B.  Inftcad  of  fubtraflrng  tJ\e  log^arithm  of  th^ 
firft  term,  fome  chufc  to  add  its^  ar)thf^Qticdl  cpmple- 
ment. 

10.  To  find  the  arithmetical  cpmplepient  of  a  loga- 
rithm •,  begin  at  the  left  hand,  and  write  down  what 
each  figure  wants  of  9,  and  what  the  laft  fignificanr 
figure  w^nts  of  10  j  lb  the  arith.  comp.  of  2^6963564  is 

7-303^43^- 

1 1.  To  raife  a  number  to  any  power,  by  Ipgarithpis. 

Multiply  the  logarithm  of  the  given  number  by  the 
index  of  the  power  5  the  produft  is  the- logarithm  of 
the  power  required. 
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Exam.     Required  the  third  power  or  cube  of  8t  ? 
8i  ks  log.  is     X.9084850 
Multiply  by  3 

-^«/-S3M4i     5-7254550  ' 
What  is  the  3d  power  of  37!^  ?  Anf.  -53529.34. 

37^=^'  <^ch3     2.7803173 

i^ — i.2C4r200 


I-og.  of  L^  =  1.5761973 
Multiply  by  3 

4*7285915^ 
The  3d  power  of  nW  is  5  J529.34 

Note^  In- large  numbers,  the  logarithms  give  the  an- 
Aver  true  only  to  Teven  figures ;  and  even  the  7th  figure 
18  fometimes  doubtful,  as  id  this  example,  where  it  is^ 
too  little  by  i . 

2.     Required  the  fourth  power  of  1.05  ? 

1.05  it:»  logarithm  is         6..021 1893 
Multiply  by  4 


Anf.  I  2i5'5o6  0.0847572 

It  is  required  to  find  the  7th  power  of  1.05  ? 
Anf.   1.407 1. 

1.05  its  logarithm  fs  0.0211893 
Multiply  by,  7 


o.  148325 1- 
The  7th  power  of  1.05  =  1.4071. 
3*  Required  the  fixrh  power  of  .^5  ?' 

Its  logarirhm  is  8.6989700 

Multiply  by  6 

Anfi,  .0000000 1 5625  52.  r9382oo 

Hie:«.* 
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Here  the  tens  are  throwa  away  from  the  iadex  52, 
and  the  2  reaiaining  (hews  that  the  tiril  figoificant 
figure  muA  be  in  the  eighth  place  from  unity,  and  there- 
fore feven  cyphers  ihuft  be  prefixed. 

1 2.  To  extraft  rooti>  by  logarithms. 

Divide  the  logarithm  of  the  given  number  by  the  in- 
dex  of.  the  pojver  i  the  quotient  is  thef  logarithm  of  the 
root »  that  Is,  divide  by  2  for  the  fquare  root,  by  3  for  j 
the  cube  root,-  and  by  4  for  the  biquadrate,  &c. 

1.  What  is  the  fquare  root  of  2  ?     ^nf   1.4 142 1 J-^ 
The  logarithm  of  2  =     0.3010300 

"4.=    0.15-515,0     >  • 
The  fquare  root  is  1.4142.13. 

2.  Required  the  fquare  root  of  j(yiioi  » 

jin/.   i38.238o« 

19^1  lO'  its  log*  is<  ,      4.28  i  2607 

■—•^i— — 1»— — — i^i* 

T  =     2.  1406303 

The  fquare  root  is  138.238*9. 

3^  What  is  the  fquare  root  of  99! r  ?  -^^^  9*995^3** 
99? i  =:  'ip     ■'  1199      log.      3.^'7«8i9i 

ir     log.      r.o7v^i8i2 

2)1.9994  ,s^o 

09998190' 

The  fquare  root  of  ^^^^  is  9.995^3- 
To  find  the  fide  of  a  fquare  winch  (hail  contain  a 
jpven  fquare  any  number  of  times. 

To  the  logarithm  of  the  give  1  fquare  add  the  loga- 
rithm of  the  number  of  time^  the  Iquare  Ibught  is  to 

contain 
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contatfl  the  given  oae,  and  divide  the  fUm  by  2»  the-quo-^ 
iatBt  is  the  k>garithm  of  the  fide  of  the  (quare  reqaired. 

Exam,  huppofe  there  is  a  fquare  which  contains  an 
acre,  it  is  required  to  find  the  fide  of  a  iquare  which 
ihali^  contain  12  acres  ?         An/.  1095.445  links. 

I  Acre  is  iooqoo  fquare  links.    Log.  5.0000000 

add  the  log.  of  12  1.0791812 

y    ■    1 1  I  I 

I 

2)6.0791812 

1095.445  links.  3'03959^6 

To  £nd  the  fide  of  a  fquare  which  (hall  contain  atr 
area  eqpal  to  a  giv^a  rectangle. 

T<£ke  the  logarithms  of  th^  kngth  and  ^.eadth  of  the 
given  rectangle ;  and  faaif  thw  fiw  i^  th«  Jk^g^rithpi  of 
the  fide  of  the  fquare. 

Exam.  Let  there  be  a  right^Bgkd  par^elogram,  its 
length  600  feet,  and  bread(h  430  j  it  .is  required  to  find 
the  iide  of  a  Iquare  which  fiiaijl  contain  the  ikpie  area  t 
■^nf,  532.7^^8  feet. 

Length     660     log.     ?.8 195439 
Breadth    430  2.6334685. 

L  

2)5-4530  I  24      . 

fid6  of  tb^  fquare  532.728  F.         2.7265062 
To  find  the  fide  of  a  iquare,  equal  to  a  triangle  j  the 

bafe  and  per piendiciii^ar  height  pf  the  triaqgle  beinggiven 

in  numbers. 

To  the  logaritbpa  Qf  the  b^fc  add  the  Ipg^ithm  of 

hsM  the  perpepxiiqui^ri  and  divide  the  prpdu£i  bj  2,.c))e 

jqttotisat  is  the  logarithm  of  the  fide  of  the  fquare. 

£xAM^ 


OF    LOGARll'HMS.  gn 

_  Exam.  Let  the  bafe  of  a  ^fitogfe  b#«ne  mife,  aad 
the  ptfrpencKctilar^  height  of  it  three  quarters  of  a  Me ; 
it  is  rcqmred  to  find  the  fide  of  a  ftjuare  whidi  ftiall  con- 
tain the  fa  toe  arei  asr  the  triangle?   jin/^  3233.326  feet. 

Feet. 
I  mile  =  5280  log.  3.7226339 
4-  the  perpend.  |  =  jpSo         3.2966652 

.,     2)7.0192991 

Feet      *     -7= 

Side  of  the  fqr.  3233.326         3«^^495 

To  find  the  fide  of  a  fquare  equal  to  a  trapezium,  its 
diagunal  and.  fides  being  given. 

The  diagons&i  divides  the  trapezium  into  two  triangles  ^ 
therefore,  calculate  the  ai*ea  orf  e^ich  tdMgle  by  its  thr^c 
fides,  €h«  fiilti  of  thefe  is  the  area  df  the  trapeziufti  la 
numbers  :  The  half  of  the  logarithm  of  the  area  iS'^the 
Idganthto  of  the  fide  of  the  fquare,  equal  to  the  trape- 
zium. 

EicAk.  Let  the  fide  AB=46,  'SC^^J,  CI>=75,  and 
I)A=63  feet,  alfo  the  diagonal  AC=73  ^^^^'  required 
the  fide  of  a  fquare  which  (hall  cotitain  the  fame  area  as 
-the  trapezium  ?  "       jln/i  55.136  feet, 

Por  the  area  of  the  trian^c  ACD. 
jH,    73     105.5     105.5     1^5-5      I05-J 

IS       73-         75-         ^3-         -S^-S 
63     - —        3C5.5 


2)211 
«05-.5 


325      3C.5      42.5  '     42.5 


2.02325^25 

1.5 1 18834 
1.4842998 

1.6283889 


2)6.6478246 

axo8.2    3.3239123 

For 
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For  the  area  of  Ae  triangle  ACB. 


a)is6 


73 

78  78 

78 

78 

1.8920946 

46 

73  46 

37 

.41 

I  6127839 

37 

—    ... 

— 

32 

1.505 1  ^co 

5  32 

4Jt 

5 

0.6589700 

78 

3d,  S(f.  feet, 

triangle  ACD  =  2108.2 
ACB=    715.3 


2)5.7089985 
715.3     i.854499i 


2 


Sum  =  2823.5    log.  3.4507878 

M'  53-^3^ F-         1-7253939 
lo  the  fame  manner,  the  fide  of  a  fquare  may  be  founds 

thereof  the  area  is  equal  to  the  area  of  aoy  given  rec- 
tilineal figure. 

The  diameter  of  a  circle  being  given,  to  find  the  iidc 
of  a  fquare  of  the  fame  area. 

Multiply  the  logarithm  of  the  given  diameter  by  2, 
and  to  the  produft  add  the  logarithm  of  .7854,  the  fum 
is  the  logarithm  of  the  area  of  the  circle  \  and  Its  half 
is  the  logarithm  of  the  fide  of  the  fquare.  - 

Exam.  Let  the  iiameter  of  a  circle  be  112.837  feet, 

it  is  required  to  find  the  fide  of  a  fquare  of  equal  area 

Vith  the  circle  ?         Anf.  99.9992  feet. 

Diam.  1 12.837.  its  log.  2.0524516 

Mult.  2 

4.1049032 
%7'854 log.    98950909 

2)3.9999941  log.  area  of  the  circle 

19999970 

Side  of  the  fquare  99*9991  F« 

Wh^ 
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3*3 


n.  yfhst  b  the  etifee  rtwr-of  lo8  ?      yh/.  f -921^19* 

208  its  log.     2.31S0633 

.  ■  1     I      I'l    11  ■    ■  ■  ■ 

The  root.  5.92499        r  ^*TJ^^^71 
a*.  AeqcHired  the dibe To6t  of  iipv^-f   jiftf.  22.879. 
1  ipytf  log.    4.0753 1  rj 

The  foot  22.879        -f  i»3y9437^ 

3,  What  is  tlie  cttb^oot  of  3  i29o?5'47o<S9  ? 

Aft/.  6789.  '  •     * 

To  find  the  lagarirhm  of  this  large  nnaiBer,  take  the 
four  firft  figures  on  the  left  hand  3 129,  and  find  their  lo- 
garithm-; theti  take  the  difference  between  thi$  logarithm 
'andthenext^eaterin  t^e  table,(i3875  :  Multiply  the 
rethainirig  (igm*es  of  the  given  number  08547069  by 
1387:  flrike  off  eight  figures  from  the  produft  5  add 

"the  femainrng  figures  to  the  logarithm  formerly  found, 

and  the  fom  is  the  logarithm  of  312908547069. 

3 1 2900^00000  log.     11.4954056  08547069 

•  For     -08 5470^9  add  1 1  * 


312908547069  log.    1 1.4954^174 
CoKe  root  6789       4  3.831805-8 


i3«7 

^ ■ 

5^829483 
^8376552 
2564120J 
8547069 


1 1 8.54784703 

M.  Extraft  the  cube  root  of  5.3529  tVVV  =  "^  *TTfl° '  • 
Aff/.  37.6875.  , 

Prom  the  log.  of  685 1 7 60 1  =  71835802a  ^ 

1280  =  3.1072100 


Subt^  the  log.  of 


The  cub^  root  37.687J 

Rr 


5)4.7285922 

,  i-57<^t974     . 
5.  ExtrafV 


\ 
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J.  Extraft  -the  cube  root,  and  the  biquadratc  rocPt 
of  _' ^  ? 

IJ  log.  TI. 1760913  4)38-2907301 

768  log.     2.88536 1  z  — ^ 

-3738      9.5726825 

3)28.2907301         biquadrate  root. 

Cube  root  .2693    9-4302433 

In  this  example.  From  the  log^Uhm  of  the  nnmera-i 
tor  15,  (10  being  added  to  its  index,)  fubtradk  the  loga- 
rithm of  the  denominator  768 ;  the  remainder  8.2907301 
is  the  logarithm  of  the  given  fra£lion :  then  prefix  2  to 
the  index  of  this  logarithm,  and  divide  the  whole 
28.2907301  by  3,  the  quotient  9.43«433  *»s  the  loga- 
rithm of  the  cube  root.  And  for  thfe  biquadrate  root, 
prefix  3  to  the  index,  which  makes  it  38.2907301  and 
divide  the  whole  by  4,  the  quotient  is  the  logarithm  of 
the  biquadrate  root. 

N.  B,  Jn  extnufring  the  roots  of  proper  fraSions  by 
logarithms,  prefix  to  the  index  of  the  logarithm  a  num- 
ber lefs  by  I  ^than  the  index  of  the  root,  and  then  divide 
by  the  index  of  the  root. 

6.  Suppdfe  there  are  three  cubic  veflels,  their  fides  be- 
ing 1 1.5  1 7. 25  and  20.2  inches :  It  is  required  to  find 
the  fide  of  a  cubic  veflel  which  fliall  contain  as  much  as 
all  the  three  ? 

11.5   log.  1.0606978         17-25  log.  1.2367891 

3  3 

1520.874  =  3.1820934   513^*95^  3'7i93^73 

20.2  log.  1.30535 14 


1520.874 
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1520.87-4. 
5132.952 
8242.409 


Sinn  of  the  cubcs^        14896.235    log.  4-'7307<55r. 

Attf.  24605,  \  1-3910255 

> 

Logarithms  are.  of  great  ufe  in  the  iblation  of  pro— 
l&lems  which  require  tedioQs  calculadons,  fuch  as^ 

In  the  menfuration  of  furfaces. 

When  the  four  fides  and  the  diagonal  of  any  quadri- 
lateral field  are  meafured,  to  find  its  area  \  fuch  as,  in 
J^.  12,  p.  143,  here  are  two  triangles^  and  in  each  of* 
them  the  three  fides  are  given  to -find  its  area  ;  (the  rule 
for  performing  this  by  logarithms^  is  given  in  p^  ii9>.) 
and  the  fum  of  thefe  areas  is  the  area  of  the  field. 

£xAM.  u.  What  is  the  area  of  the  qaadrilateial  field 
ABCD,  its  diagonal  BD— 3096  links,  the  fide  AB=: 
1.976,  the  fide  60=1760  links,.  CD=:2oa6  links  and; 
DA=:2340  links  ?     Figt  i^* 

i.>  For  the  area  of  the  2x  For  the.  area  of  the. 

triangle  ABD.  triangle  CBD. 

2340  3706  3706  37otf  3096  3436  3436  343(^ 

1976  2340  1976  309.6.  2016  3096  2016  i76a« 


3096  — —  — ^  ■■  1 760 


—  1366.1730.    61Q        —     340.1420.1676. 
t)74I^  2:)6872 

37c6  3436 

r*  21  Logarithms*. 
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Logarithms. 

3706           3-5^89054 

3436 

3.5360532 

1366           3- '354507 

1676 

3,2242740 

1730           3-2380461 

1420 

3.152288J. 

610          2-785329S 

340 

2-53 « 47^9  • 

2)12.7277320 
Sq.  links. 

Sq.  links. 

2)12.4440944. 

^3 1 1351       6*3638660 

16674^6 

6.2220472. 

1667428 

A.  R.  Fall. 

• 

397^779  —  39  3f  6  the  aofwer. 

I.  To  fmd the  area  of  any  regular  pc^ygon  by  loga- 
rithms ;  k  fide  and  the  perpendlcnkr  FalKng  froor  the 
eeoter  on  it,  being  given.  Multiply  the  length  of  the 
given  fide  by  the  numberof  fides,  and  take  half  of  the 
produft,  and  then j  to  the  logarithm  of*  half  the  fiim  of" 
the  fides,  add  the  logarithm  of  the  perpendicular,  the 
film  is  the  logarithm  of  the  area  of  the^polygon. 

Exam.  What  is  the  area  c^  a  lieptagon,  its  fide  be« 
ing  21  yards  2  feet,  and  the  perpendicular  falling  from^ 
the  center  on  that  fide  =  ^7  486  feet  ? 

Anf.  1705  fquare  yards,  8  feet  8  inches.  < 

Yd.  F^ 
Side  21    2 


65  fecr.- 
7 


Sum  of  the  fide  455 
half  fum  227.^ 


Half' 
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Hidf  &fii  of  the  fides  2^.5  l<lg*  1.3 9698 14 
perpendicidar  67.4B6         1.8^9x137 

Square  feet  1^5353.06      4^1861951 
or  1705  yards  ^  feet  8  ioches. 

2.  The  diameter  of  a  circle  being  ^vea  to  find  its«^ 
area  by  logaricbms. 

Multiply  the  k^aricboi  oi  the  diasieter  by  z$  and  to* 
die  produ£l,  add  the  logarithn^  of  •7854^  the  fum  is  the 
logarithm  of  the  area. 

Exam.  Let  the  diameter  of  a  circle  be  17^  yards^ 
^hatUitsarej^?        Am/.  2432855  fquare  yards-   * 

i7[6o    log.  3-2455127 

2 


6.4910254 
.7854    log.  9.8950909 


Area  fq^  yds..  2432855. 


6.3861163 


Menfuration  (f  Solids  bj  Logarithmfm 

t .  The  fkic  of  a  cube  being  g»ven»  to  fidd  its  fblid' 
content,  find  the  logarithm  of  the  given  fide;  and  mul* 
tiply  It  by  3j  the  prodoA  id  the  logarithm  of  the  folid' 
content. 

£xAM.  I.  The  fide  of  a:  cube  is^  19  feet^  what  Is  its^ 
&lid  content  ^  Anf.  685(>'CttbIc  feet. 

i5)titsIog.  1.2787536 
.  '   3 


•"■"ii*" 


eubic  f(Kt  6855^ 


3.8362608' 


%  Wbar 
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2.  What  U  the  ibiid  cootent  of  a  cabe,  its  fide  beiog; 
9  feet  I  mch  ?        jinf*  749  cobib  feet  757  iaches. 

F.   I. 

9    1  =  109  inches.  log.    2-037426^. 


cubic  inches  1295028.8         6.1 122795 
Sobtra^t  1728^^  log;  3^2375437 

^•874-735» 
cubic  feet  749.438 

or  749  feet  757  inches. 

3*  The  length,  breadth,  and  (hicknefs  of  any  folFcU 

body  having  equal  reAanguiar  bafes  being  ^ven,  to  find 

its  folid  content  by  logarithms. 

Reduce  the  given  dimenfions  to  the  fame  denomina- 

tloD ;  take  their  logarithms  from  tfae.table  and  add  them^. 

the  ftun  is  the  logarithm  of  the  IbUd  content. 

Exam.  Let  the  length  of  a  log  of  wood  be  17  feet  6 

inches,  the  breadth  2  feet  3  inches,  and  the  tbicknefs  i. 

&>ot  9  inches?  What  is  its  folid  content? 

^n/l  68  cubic  feet  156^  inches. 

Fee^ 

Length         17.5       1.2430380 

Breadth         2*^5     0.3521825- 

Thicknefs       1.75     0.2430380 

68.9062  feet=  1.8382585 
or  68  cubic  feet  1566  inches. 

4.  To  find  the  folid' content  of  a  prifip,  its  bafes  and^ 
&ngth  being  given,  by  logarithms. 

Calculate  the  logarithm  of  the  area  of  one  of  its  bafes,, 
By  fomc  of  the  former  rules  j  to  whichadd  the  logarithm, 

of. 
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^f  the  glren  leogch,  the  fum  is  the  logarithm  of  the  folid 
content :  If  it  be  in  inches  fubtra^t  the  logarithm  of  1 728 
from  it,  and  the  remainder  is  the  dogarith^i  of  the  folid 
content  in  feet. 

ExAU.  What  is  the  folid  content  of  a  prifm,  whofe 
bafes  are  regular  pentagons,  one  fide  of  each  pentagpa 
being  2  feet  94^  inches,  and  the  perpendicular  falling 
from  the  centre  on  that  fide  23.05  inches:  alfo  the 
Jength  of  the  prifm  6  feet  8  inches  ? 

F.    I. 


Side  =  2    9i 
12 

33-S 
S 

2J167.S 

4  fum  of  the  fides  83.75 
Half  fum,  fides  of  the  bafe        83.75     ^9229848 
Perpendicular        23.05     1.3626709 

Log.  area  of  the  bafe  in  inches  3*2856557 

Length  in  inches         80    +  1.9030900 

— — ^^— ^»  III  ■ 

Log.  of  the  folid  cont.  in  inches  5*1887457 

Subtr.log.  of      1728    —3-2375437 

Log.  of  folid  content,  feet,      89.3722=1.9512020 

or  89  cubic  feet  643  inches. 
5.  To  find  the  folid  content  of  a  pyramid,  its  bafe 
4ind  height  being  given,  by  logarithms. 

Calculate  the  folid  content  of  a  prifin  of  the  iame  bafe 
and  altitude,  and  one  third  part  of  it  is  folidity  of  the 
pyramid. 
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£xAM.  What  is  the  ioKd-cdfitent  of  a  pyramicl'i  flie 
^tde  of  its  fi|uare  b«fe  Ji^eifig  9^  feet  6  Inches f  aod  its 
4ieigbt  25  f0Ct  7  4acfacs  i    Anf,  'j6^^2'^  ^^^  ^^^' 

1%  2 


■Ma»B4M*>*M*a 


307  IiOg«  areabfthebafe  i •9554472 

— —  log.  i-4079i572    Log,  of  the  height      1.4079572 

Solidity  769*632  Feet. 

Nctf.  The  rules  for  calculadag  the  folid  contents  of 
the  Cylinder  and  Con^i  are  the  fame  with  thoie  for  the 
prifm  and  pyramid. . 

6.  What  is  the  folid  comeat  of  a  Cylinder^  the  dia- 
aieter  of  the  bafe  being  5  feet  6  inches^  and  its  length 
21  feet  10  inches  ?    An/.  518^7^  cubic  feet. 

jP.    /*  Dlam'.  of  tht  bafe'5.5  logv  a.7403627 

21  —  10  2 

12  ■  ■ 


1-4807254 

262  =  1(^.1^391201         -785^4  log.   9.895O9O9 

length     VV  log.     1. 3 39 1 201 

«    22  .^ — .«^ 

Solid  content  511  S.724    F.  2.7149364 

7.  What  is  the  folid  content  of  a  Cone,  the  diameter 
of  its  bafe  being  36  inches,  and  its  axis,  or  bei^t,  48 
inches  ? 

An/'  9  cubic  feet  734  iachea. 

Diatft* 


©F    LOGARITHMS.  321 

Dkm.  36  log.  1.5563025  . 

X     2 


3.  n 26050 
7.854  Jog.  9.8950909  ' 
axis  48  log.  1. 68 1 241 2 

3)48858.15  inches,  4,68^9371 . 
SbHd  content  16286.05  inches, 
or  9  cubic  feet  734  inches*  ^ 

8.  The  length  of  a  round  tree  being  given  in  feet,  and  ^ 
its  mean  girt  in  inches,  to  fiad  its:  folid  content,  by  loga- 
rithms. 

Multiply  the  logarithm  of  tb^  mean  girt  by  2,  and  to  ^ 
the  produfl  add  the  logarithtins  of  •0795775  and  of  the 
lengthi  and  from  the  fam  fubtraft  the  logarithm  of  144  ;  - 
the  remainder  is  the  Iqgarkhm  of  the  folid  content  of 
the  tree  in  cubic  feet. . 

-  Exam.  What  is  the  folid  content  of  a  round  tree,  25 : 
feet  9  inches  long,  audits  mean  girt  57^  inches :  what <. 
i&jts  folid  content?  :       Anf.  47*0479  cubic  feet* 

Mean  girt  57-5  log.^  1.7596678 

X     2 


.079^775  Jog.     8.9007902- 
IcBgth  25.75.,  1.4407772 

3.»309a3o 
J  44  leg..  -.21583625, 

47.0479  feet.  1.672^405: 


32  St 


or  logarithms: 


7^  The  length  of  a  roand  tree  is  45  feet  6  iticbes,  and: 
its  mean  ffxtis  61^  ioches  ^  what  is  16  fblid  contexu  ^ 
jin/i  94*33  cubic  feet. 

Mean  gut.  frj.x;  log.     1.7871061 

X      2 


3.5742122 

•^^57/5  ^^*    8.9007902 
length  45.5  1.65801 14  - 

4.1330138 

144  log.     —2.1583625 

94-33     1-9746513 
9.-T<>  find  the  folid  contcnttjp  a 'tetrahedron  by  lo-i- 
gapithms,.  the  iide  of  one  triangular  face  being  ^ven« 

Multiply  the  logarithm  of  the  g^ven  fide  by  3,  and  to 
the  pcodu£V  add  half  the  logarithm  of  2,  and  fropi  the 
fum  fubtra£^  the  logarithm  of  12,  the  remainder  is  the 
logarithm  of  xbeiblid  content. 

Exam.  Let  the  fide  of  one  of  the  containing  triangles 
be  I'z  :  required  the  fblid  content  of  the  tetrahcdfoo  ? 

j^nf,  203^646  cubic  inches  J  o£  feet>  according  to  thcL 
name  of  the. given  fide. 


12  its  logi. 


1. 0791 8!  2". 

X    3 


»>«•• 


^-  log.  of"  2 


-J^  of    12 


■  3.237543  5f 
+  0.1505150 

•     3.38*5586' 

—  1. 079 18 1 2 


foUd'Gont.  Z03.646        2/3088774 


:..  Let 
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■"^/  Let  the  fide  of  one  <sf  the"  triangle^ ;be'2c  inAek 
'^required  the  folid  content  of  the  tetrahedroir? 
'  jfftff.  942.6  cubic  incbes. 

ao     log.         1,3010300 

X      3 

"  >    ■       I    II , 

3.903©9oo 

i  log.'  of  2  tt:     0*1  JO5  150 

4;05 16050 

log.  of  12     —1.07^1812 

942.8  2.974423^ 

10.  To  find  the  folid  content  of  an  oAahedron  by 
'ibgarithms ;  the  £de  of  one  triangular  facd  being  given. 

Multiply  the  logarithm  of  the  given  fide  by  3,  an^ 
from  the  produft  fubtraft  the  Iqgarithm  of  3  ;  add  half 
the  logarithm  of  2  to  the  remainder  ;  the  fum  is  the  lo- 
garithm of  the  folid  content. 

Exam.  Let  the  fide  of  one  of  the^otainiag  trlan- 
^gles  be  12  inches ;  \i^hat  is  the  folid  content  of  the  oc- 
tahedron? ^;7/ 814.586  cubic  inches. 
:^fiJe    12    I<^.     1.0791812 

X  3 

3-237543^     ' 
'^■5ul>t^  the  log.  3      0.477 '  ^  ^3 

2.7604223 

4  log.  of    2  +  0^1505 150 

'  Solid  cont.  814  586,        ,   2.9109373 

II.  To  find  the  folid  content  of  a  'dodecahedron  by 
'logafithms  j  the  area  of  one  of  the  coutaining  penta- 

S  f  2  gons, 
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gonsj  and  the  diameter,  or  hdlgbt  of  the  folid  beiog 
given* 

To  the  logarithm  of  the  area  of  the  pentagopal  fare, 
add  the  logarithm  of  twice  the  diameter  f  the  fum  is  the 
logarithm  of  the  fblid  comeot. 

Exam.   Let  the  area  of  ooe  of  the  peotagon^  be 
247.7487  (quare  inches,  and  the  diameter  of  the  folid 
26.72424  inches,  vhat  is  the  foHd  content  of  the  dode- 
.  cahedron ;         Anf.  13241.78  cubic  inches. 

given  area  247.7487  log.    2.3940113 
twice  the  diam^  53-44^48       ^1.727^352 

4.I2I946J 

.  Solid  cont.  1 5241.7^  inches,  or  7  cubic  feet,  1 145 
cubic  inches.  ' 

I?.  To  lind  the  folid  contjent  of  anlcofahedron  by  lo- 
garithms ;  the  fide  of  one  of  the  conti^ioing  triangles, 
and  the  diameter  of  the  folid  being  given. 

To  twice  the  logarithm  if  the_ given  fide  add  half  the 
.logarithm  of  3,  and  from  the  fnm  fubtraft  the  logarithm 
of  4 ;  the  remainder  is  the  area  of  one  of  the  tontain- 
.ing  triangles  i  to  which  add  the  logarithm  of  the  diame- 
ter and  the  logarithm  of  29,  and  from  the  fum  fubtrad 
the  logarithm  of  6;  the  remainder  is  the  logarithm  of 
the  folid  content  of  the4cofabedron. 

Exam.   What  isthe  folid  content  of  an  icofahcdron ; 
its  diameter  being  18.138264  inches,  and  theildeof 
•eiih  containing  triangle  12  inches  ? 
^^f•  3769»^6  cubicinchcs. 

Given 
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t 

Given  fide  i  Z,  ^s  log.  i  ••791 8  f  2 

X     4 


2.1583624 

half  the  log.  of  3    +  0.2  3  85  606 

^.39i$9230 
S«btf .  theJcig.  4  o.6»2o6oo 


1.7948630 

18.138264  log.        3[-25^5932 

■^•.  log.        1.301P300 


^  log.  fubtV         0.778 1 5 13 


tSblid  content  5769.95  3-57^3 349 

Of  Logariibm  Si^es  and  Tangents* 

The  tables  of  fines  and  tangents  has  the  90^  of  the 
<}Qadrant  dirpoled  thus.  At  the  head  of  the  two.  firft 
«j>ages,  ther&4s  o  degrees»  and  in  the  left  hand  columns 
are  the  minutes  of  a  degree.  At  the  head  of  the  next 
two  pages,  there  is  i^,  and  fo  on  to  44^.  on  the  head  of 
the  two  laft  pages,  «t  the  foot  of  which  is  45,  from 
whence  they  proceed  gradually  backward  unto  the  firft 
two,  where  there  is  89^  \  and  on-each  page,  the  right 
^  hand  CQlumns  contain  the  minuces^  of  a  degree  increafing 
"upwards. 

13.  To  find  the  logarithm  fine  and  tangjcnt  of  any 
number  of  degrees  and  minutes  b<^k>w  45^.  Loolc  for 
the  degrees  on  the  head  of  the  page,  and  the  minutes  In 
the  left  hand  column ;  and,  oppofite  to  the  minutes,  y^Hi 
iuive  their  fines  and  tangents  in  their  reQ)e<flivc  coluQina. 

Sines 
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'Sines.  Tan. 

Examples.  19^    o'        9.51264T9  9*53^7^^ 

19    24        9.5113488  9-54^7  34« 

19    55        9.5326608  9-5594914 

14.  To  fiad  the  logarithm  fine  and  tangent  of  any 
saaiber  of  degrees  and  minutes  above  45^ 

Look  for  the  degrees  at  the  foot  of  the  page,  and^  the 
tninntes  in  the  right  hand  column,  and  oppofite  to  the 
minutes  you  have  the  fine  and  tangent,  each  in  its  pro- 
per column,  marked  at  the  foot  with  fine  or  tangent. 

Sines.  Tan. 

Examples.  530  00'        p.9023486  10.1228856 

53     23         9-904523^  10.1289428 

53    49         9.9069446  10.1358197 

53     57         9-99^76220  10.1379422 

15.  To  find  the  fine  or  tangent  of  a  number  of  de*> 
grees,  minutes,  and  fecpnds. 

Find  the  fine  or  tangent  of  the  degrees  as  before ; 
then  find  the  difference  between  the  fine  or  tangent 
found  and  the  next  greater,  and  fay,  as  60  is  to  that 
difference,  fo  is  the  number  of  feconds  to  the  part  to  be 
added  for  the  feconds. 

Exam.  Require  the  fine  of  19**  24'  36"  ? 

The  fine  of  19°  24'  is  9.52 13488,  which  fubtraft  from 
9.5217074,  the  fine  of  19°  25';  the  diff.  is  3586. 

Then,  as  60"  :  3586  ::  36"  :  2151,  which  add  to 

9.52134^8,  and  the  fum   9.5215639   is  the   fine  of 

19^  24'  36"-    Proceed  in  the  lame  manner  when  a  tan- 
.£cnt  is  wanted. 

16.  To  find  the  co-fine  or  co-tangent  of  any  number 

^^egrees  and  ttinutes. 

Look 
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Look  for  the  fine  or  tangent  of  the  pven  ninnbcr  of 
degrees  and  minutes,  and  next  it  in  the  colamn  of  the 
iame  name  you  have  the  co-iine  or  cxv  tangent  reqoked* 

Thus  the  confine  of  1 5°  24'  is  99841  aoo,  which  is  the 
fine  of  74°  36',  and  the  co-tangent  of  7 3°  36'  is  9*^oo^2r 
or  the  tangent  of  15°  24'. 

1 7*  To  find  the  number  of  degrees  and  minutes  an-^ 
fwering  to  a  given  logarithm  fine. 

Seek  the  given  logarithm  fine  in  the  colomos  of  fines  y 
and,  if  you  find  it,  or  the  next  lefs  in  the  firft  column 
on  the  left  band,  you  have  the  degrees  on  the  head  of 
the  page,  and  the  minutes  on  the  left,  counting  down- 
wards. But^  if  you  find  it  in  the  fecond  column,  you 
have  the  degrees  at  the  foot  of  the  page,,  and  the  mi* 
nutes  on  the  right  hand^  counting  upwards.  Pjcoceed  ia 
the  fame  manner  with  tangents. 


EXAJtIFLES; 

Sines;  Tangents. 

.   9.6843280=28'^  54'  9^8764564=36?  57' 

9.9532976=63    54  10.1097654  =  52    9     - 

1 8.  When  the  given  logarithm  fine  is  not<  found  ex-^ 
a£lly  in  th& table,  and  it  is  required  co.fiod  (ecottds»  fub»« 
tra£l  the  logarithm  fine  found  in  the  table  from  the^ 
given  one,  alfo  fubtraA  the  fame  from  the  next  greater 
in  the  tab(e,  and  fay, 

As  the  difference  of  the  two  tabular  fines  is  to  60", . 
fo  is  the  difference  between  the  given  one,  and  the  next 
lefs thanit^/ound  in  the  table,  to  the  feconds  required. 

,£XAAU- 


55» 


6P   LOGARITHlilS. 


ESA'ic*  Required  the  degrees^  taiiiiQtes,  and  {cc(m& 
aofweriiig  to  the  Idg.  fine  9-953347^ 

Mcst  kfi  ii^  the  tables  is    6^^  54'       27*953^^97 


Next  greater 
SubtraA 


9-95335^6 
9.9532897 


Difference        579. 


619 
As  6tg  :  60"  : :  579  :  56" 

Therefore  the  anfwtr  is  63^  54'  jr^"- 

19.  To  fiad  the  natur^  lifle  or  tangeot  of  any  arc  by^ 
theie  tables* 

Fiad  the  k>gaiitfaiii»  fine,  or  taogent  of  the  given  arc 
20  the  table ;  cancel  its  index,  and  find  the  number  an- 
fwering  to  it  in  the  table  of  logarithms  to  ieven  figures  v 
it  is  the  anfwer. 

20.  To  find  the  leg.  fecant  of  any  arc.  Becanfe  the 
radius  is  a:  mean  proportional  between  the  co-fine  of  an 
arc  and  its  fecant;  therefore,  fubffaA  the  co-fine  of  the 
given  arc  from.zo.oooopoO}  the  remainder  is  the  loga- 
rithm fecant. 

21.  To  find  the  logarithm  verfed  fine  of  any  arc*. 
Multiply  the  logarithm  fine  of  half  the  arc  by  2,  add 
.50.10300  to  the  prodoft,  and  fnbtraft  the  radius  from- 
the  film  ;  the  remainder  is  the  logarithm  verfed  fine  oi< 
the  arc. 


THE  end; 


I  ■     r 
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TABLE 

CF    THE 

LOGARITHMS 

"  OF    ALL    NUMBERS, 
-From  1  to  io,ooq. 


o 
1 

2 

3 

4 

5 
6 

7 
8 

9 

lo 

II 

12 

iV 


IS  I 76091 3 


16 
18 

-20 
21 


Log.  ' 


0000000 
3oio3#o 
4771213 
6020600 
6989700 

77*^5^3 
8450980 

9030900 

9542425 

ooooiooo 

.0413927 

079I8I2 

1^39434 
1461280 


2041200 
;i304489 

2787536 
3610300I  42 

3222193  Us  I 


22 

23 
24 

x6 

27 
28 

29 

30 

3^ 

32 
33 
34 
'35 
36 
37 
38 

39 
40 

41 


Log. 

3424227 
3617278 
38O2II2 
3979400 

4149733 

4313^38 
4471.580 

4623980 

477^213. 

49I36I7 

.5051500 

?i85i39 

5314789 
5440680 

5563025 

56^2017 

57978J6 

591G646 

6020600 

6127839 

^^232493 
^334<585 


44 
45 

Al 
48 

49 
5^ 
51 
52 

53 
54 

55 
5^ 

57 
58 

59 

60 

61 
62 

^3 
64 

6^ 


Log. 


6434527 
6532125 

6627578 

6720979 

68 1 24 1 2 


TO 


69or96i 
6989700 
7075702 
7160033 

7242759 
7323938 
7403627 
7481880 

7558749I79 
7634280180 

7^^08520  81 
7781513  82 


N 


66 

67 
68 

^9 

70 
71 
72 

73 

74 

75 
76 

77 
78 


7853298 

7923917 

79934^5 
8061800 


«3 
86 


8i:gn4  87 


Log. 

8195439 
8260748 

8325089 

8388491 

8450980 

8512583 

8573325 
3633229 

8692317 
[8750613 

8808136 
j  8864907 

; 8920946 

'8976271 

9030900 

90848^0 

'9I38139 
'919078  I 

19242793 
■9294189 

[9344985 

19395^93 


A 


IT 

88 
89 
90 

92 

93 
94 

95 
96 

97 
98 

99 

100 

lOI 

1:2. 
103 

i?4 

id6 

':>/ 
ic8 

190 

1 10 

III 

IT4 

lie 


216 

120 
I2T 

12.4 
:25 


Log. 

9444827 

9542425 
9590414 
9637878 
9684829 

9731279 

9777^3^ 
9822712 

9867717 

99 1 226 1 

9956352 

0000000 

0043214 

0086002 

0128372 

f^i  70333 
0211893 

0253059 

0293838 

0334238 
0374265 

C413927 
0453230 

0492180 

0530784 

0569049 

0606978 

o644!;8o 
0681859 
0718820 
0755470 
0791812 

C827854 

0863598 
6899051 
©934217 

9969 IOC 


N^ 


26 


Log.  iN* 


003705 
038037 
071100 
1C5897 

139434 
172713 

205739 
238516 

271048 
303338 

335389 
367206 

398791 
430148 

461280 

492191 

522883 

5533<5o 
583^^25 

6x3680 

^^43529 
673173 

702617 

731863 

760913 

789769 

818436 

846914 

875207 

903317 
931246 

958997 

986571 

2013971 

2041200 

2068259 

6212095150 

63I2J21876 


27 
IS 

29 

30 
3» 

3^ 
33 

35 
Z^ 
37 
38 

39 

40 

4> 

42 

43 

44 

45 
46 

47 
48 

49 
50 
5^ 
51 
53 
54 
55 

56 
57 
58 

19 

6o 


64 

6^' 
66 

67 

6k 
69 

70 

7» 

72 

73 

7^ 

75 
76 

77 
78 

79 
80 

81 
82 

83 
84 

85 
86 

87 
88 

80 

90 

91 

92 

93 
94 

95 
96 

97 
^8 

99 
200 

201 


Log.  IN^ 


21484381202 
2174839.203 
2201081  204 
2227165  205 
2253093  206 
2278867  207 
^304489  208 
2329961  209 
2355284  21C 
2380461  zii 
2405492  222 
2430380  213 
2455127  214 

2479733  215 
2504200  216 

2528530  217 

2552725  218 

2576786  219 

2600714  220 

26245 1 1  221 

2648178  222 

2671717  223 

2695129  224 

2718416  225 

2741578  226 

2764618  227 

2787536  228 

2810334  229 

2833012  230 

2855573  231 
2878017  232 
2900346  233 
2922561  234 
2944662  235 
2^666^2  236 
2988^31  237 
3010300  238 
30319^51  239 


Log. 


3053514 
3074960 

3096302 

3"7539 
3138672 

3i5y703 
3180633 

^01463 

3222193 

3242825 

3263359 

328379^^ 

330413^ 

3324385 

3344538 

33^54597 

33845^^5 
3404441 

3424227 

3443923 

34^^353^ 

3483049 
3502480 

3521825 

3541084 

3560259 

3579348 

3598355 
3617278 

3636120 

3654880 

3<^73559 
3692159 

3710679 

3729120 

3747483 
37^^5770 
37839W 


342 

244' 
245 
346 

P47 


as2 
=53 
254 
=55 
256 
«57 
258 


263 
264 
265 
266 
267 
268 
269 


log. 


3802 

3820170 

3838154 

3S56063 

3873M 

3!!o»3Sr 
3S'26j)70 
3944517; 
391S1993 
3979400 

3996737: 
401400^ 
4e3i2o5, 
4040337 
4065402 

'2400' 
4099331 
4116197 

52998. 
4>49733 

66405 
4183013 

4'995S7. 
4216039 

4232459 
4248816 
4265:113 
4281348 
4297523 
4313,638 
4329693 
43456891 
4361626 
4377S06 
4393327 
440909 1 
4424798 


Log.  |N°  1    Log.  IN"  I    Lo* 


4440448 

4456042 

4471580 

4487063 

450249 

4517864 

4533183 

4548449 

4563660 

45.78819 

4593925 

46I38978 

4tia398c 

4^38.930 

4653829 

4668676 

4683473 
4698220 
4712917 
4727564 
4742163 
4756712 


477 


4785665 
4800069 
4814456 
4828736 
4842998 
857214 
4871384 
488550, 
4899585 
4913617 
49.17604 
494154'- 
4955443 
4969196 
4983106 


316 


4996871 

5010593 
502427 
5037907 
505 1500 
5065050 
5078559 
5092025 
5 ■654io 
8S34 
■2176 
Si4i47S 
5158738 
5.'71959 
5185139 
5198180 
5211381. 
5224442 
5237465 
5250448 
5263393 
5276299 
"  1*7 
53619*7 
5314789 
5327-544 
5340161 
S352941 
365584 
537.8191. 
^390761 
403295 
5415792 
542S254 
5440680 
545367' 
5465427 
547:747 


354  5490033 

355  550J2S4 


55 14500 
5526682 
5538830 
5550944  - 
5563025 
5575072 
5587,086 
559906.6 
014 


5658478   ■ 
.5670264 
5682017 
569^739 
5705429  . 

717088 

728716 
5740313 
878 
5763414 

77,918 
5786392 

:s'7836 
5809250 
5820634 

831988 

58433'J 

5854607 

58658-3 

5877110 

.883,il7, 

5899496 

591064$.  - 

S9--!76a-; 


N* 


Log.  !«•  f  W. 


392  S932S6\ 

394  5954962 

395  59^5971 

396  5976952 

397  5987905 

398  5998831 

399  6009729 

400  60210600 

401  603J444 

402  ^042261 

403  605305P 

404  6063S14 

405  6074550 

406  6085260 
4076099944 
408^  6106602 
409  6117233 
4^016127839 


430 
43 » 

433 

1434 

435 


4'i 

412 

413 
414 

4'5 
416 

417 
418 

4-19 

420 

421 

422 

453 
424 

425 
•426 

427'' 
428 

4-29 


61J8418 

6148972 

6159501 

6176003 

6180481' 

6190933 

62C1361 

6211763 

6222140 

6232493 

62428 i' 

6253125 

6263404 

6273659 

6283889 

6294096 

6304279 

<^3 14438' 
^324573' 


6334685 

^M4773 

^354837 
6364^79 

'374897 
6384893 


436  6394865 
64048 I 4 
.5414741 
6424645 

^64345^7 
64443S6 

6454223 

6464037 
6473830 

64^3600 

6493349 

^^50307.5 
6512780 

6522463 

6532125 

6541765 

655^3^4 
6560982 

6570559 
65801 14 

6589648 

651)9162 

6608655 

6618127 


437 

43« 

439 

4.40 
441 

442 

443 

444: 

445- 
446 

447 
448 

449 

450 

451 

452. 

453 

454 

455 
456 

457 
458 

459 

460 

.461 
46:2 

463 

464 

465 

466 

467 


aU 


W-  [^ 


. 


6627578 
6637009 
6646420 
6655810 

666^  1 80, 
6674530' 
6683859 
6693169 


468 
469 

470 

471 

47a 

4731 

474 

475 
476 

477 
478 

479 
480J 

4«r 
482 

483 

4^ 
4»5 

486 

487 
488 

489 

490 

491 

492 

493 
494 

495 
496 

497 
498 

499 

500 

501 
502 

503 

504 

5^51 


6702459 
071^728 
6720979 
6730209 
i$73942c 
67486x1 

67577S3 
6766936 

6776070 

6785184 

6794279 
6«o3355 

6^12412 

6(S2i45i 

6830470 

6839471 

6848454 

6857417 

68663^3 

687529c 

6884198 

6893089 

690 1 96 1 

6910815 

69 1965 1 

6928469 

6937269 

6946052 
6954814 


507: 


7041505 
7050080 


508  7058637 

509  7067178 

510  7075702 
5-1117084209 

512  709^700 

513  7101174 
514!  7^09631 


515 


7118072 


51J6  7x26497 


6963564^5  3  5 
6972293 

698 I 005 

6989700 

6998377 

7007037 
7015680 
7024305 
703 29 r 4 


517  7134905 
5^8.  7143298 
5191  7 15  J  674 

520  71^0033 

521  7168377 
52.2:7176705 
523  7^85017 

SM  7^93313 

525  72P1593 

526  7^P9S57 

527 721 8 106 
528  7226339 

52^9  7234557 
530  7242759- 
53,1  7250945 

532  72591 16 

533  7267272 

534I7275413 
7283538' 

53617291648 

537  7299743 

538  7307823 

^397315888 

540  73239^3 

541  733 '973- 

542  7339993 

543  734799^ 


_■  -1 


Log.  ■  N' 


Logf 


8188854 
"  95439 
02015 
8208589 
8215135 
82li<>8i 
8:18116 
82J4742 
824ia5« 
82«,«; 
8254J«i 
8a«p7a3 
82672J5 
8a;3(ip3 
8280151 
828(1599 
"293038 
8299467 
8305887 
831.297 
8318698 
83250*f9 
833'471 
8337844 
8344^07 
8350561 
8356906 
836324! 
8369567 
8375884 
8382jl(2 
8388491 
8394780 
8401061 
8407332  ■ 
8413595 
8439848 


6g6 

697 
698 
699 
700 

70^ 
702 

7^3 

704 

^054 

706 
707 
7o« 
709 
710 
711 

712 

714 

715 
716 

717 
718 

719I 

726 

721 

722 

723 
724 

725 

776 

727 

728 

-729 

730 

73 » 
732 


tog. 

8426092 
8432328 
8438554 
8444772 
8450980 
84S7'8o 
8463371 
8469553 
8475727 
848 1 89 1 
8488047 
8494194 
8590333 
8506462 
8512583 
8518696 
852480P  750 

85308957s* 

8536982  752 
854^060753 

8549130754 
855519^755 
8561244  75^ 
8567289  757 

85733^5  758 

8579353751.^ 
8585372760 

8591383761 

859738^762 


8603380 


763 


8609366  764 

86i5344'7<^5 
86213141766 

^6272751767 

8633229I768 

8639174' 769 
8645111J770 


Log. 


733  865.jo4o'77J 


734  »6s696i| 772* 

735  8662-873  773 

736  8668778  774 

737  «^4<575  775 

738  8<^05<54  776 

739  8686444  777 

740  8692317  77a 

741  8698182  779 

742  8764039  780 

743  8709888  731 

744  8715729  78-2 

745  8721563  783 
7.46  8727388  784 
747  8733r2o6  785 
748^8739016  786 
749I8744818  787 

8750613  788 

8756399  789 
8762178  790 

8767950  791 

[87737 '3  792 

8779470  793 
8785218  794 

8790959  795 

8796692  796 

8B02418  797 

8808136  79tt 

8813847  799 

8819550  800 

8825245  801 

8830934  802 

8836614  803 

^842288  804 

8847954  805 

8853612  806 

8859263  807 

8864907  808 


|N°  1  ■  liog.  IN* 


8870544 1809 


8676173 
»8»i795 
8897410 
8893017 
8898617 
89042 1 o 
8909796 

8915375 
8920946 

8926510 

8932068 

8937618 

8943161 

8948696 

8954225 

8959747 
8965262 

8970770 

8976271 

8981765 

898725Z 

8992732 
89982«5; 

900367  L 


9oo9r3t  834 


9014583 
9020029 
9025468 
9030900 

9036325 
9041744 

9047155 
9052560 


810 

811 
812 

8'3 
814 

ai5 

816 

817 

818 

819 

820 

821I 

822 

8:23 

824 

825 

826 

827 

828 

8429 

830 

831 

832 

833 


835 

836 

857 

838 

839 

840 

,  841 

842 


Log^ 


90579591«43 
906335^  844 

9068735  845 
90741 141 846 


9084850 
9090 Z09 
9095*560 
9100905 
9 1 06244 
91 1 1576 
911690X 
9122221 

9*27533 
9132839^ 

9138139 

9143432 
9J48718 

9*53998 
9159272 

9*64539 
9169800 

9175055 
9180303 

9185545 
9190781 

9196010 
9201233 
9206450 
92 I I 66 I 
9216865 
9222063 
9227255 

9*32440 
9237620 

9242793 
9247960 

9253121 

9258.276 

9263424 
9268567 
9273704 


9079485.  847/927883^, 


-848 
849 
850 
851 

.852 
«53 
854 

.855 
856 

SJ7 
.S58 

'  859 
860 


865 
8«6 
867 
868 
8159 
8;o 
871 
871 

873 
874 

875 
S76 
877 

■  878 
S79 
883 

.881 
882 
883 
884 

.8«s 


Log.     N"       Log.     t 


9283959 
92890  T7 
9394189 
9299296 
9304396 
9309490 

93'4S79 

93 1960 1 

9324738 

9319808 

9334873 

9339932 

9344985 

9350032 

9355073 

936c 

9365137 

537016 

937S'79 
938019 

9385197 
9390198 

9395 '93 
9400182 
9405165 
9410142 
9415114 
9420081 
9425041 
9429996 
9434945 
9439889 
9444827 
9449759 
9454686 
9459607 
9464523 
9469433 


7474337  i 
9479'36  < 
9484130  1 
9489018  ( 
949390. i 
9498777  < 
9503649  ( 
950851s  ( 
9513375  < 
9518230  ( 
9523080  ( 
9527924  < 
9532763  < 
9537597  ! 
9542425  ( 
9547248  < 
9552065  < 
9556878  < 
9561684  ( 
9566486  ( 
9571282 < 
9576073  < 
9580858  ( 
9585639 ( 
9590414  . 
9595184; 
9599948  ( 
96047*8  ; 
9609462  ( 
9614211  i 
9618955  ! 
9623693  I 
9628427  ( 
9«33"55  < 
9637878  ! 
'  259S  ! 
9647309  < 
9652017  < 


lop 

lOX 

1 02 

103 

104 

105 

106 

107 

IQ9 

Xl'O 

in 

112 

114 

US 
1 16 

117 

n8 

119 
no 
lai 
122 

124 

126 

127 

128 

129 

13^ 
132 

^33 

134 

^35 
136 

^3? 


i*iM 


oboodoo: 

•43^14 

85oa2 
or28372 

70333 
021,1893 

53059 

93838' 

0334238' 

74265. 

0413927 
53230 
92180 

0530784 
69049 

0606978 
44580 
81859 

0718820 

55470 
91812 

0827854 

63598 
99051 

0934217 

69100 

1003705 

38037 
72100 

I I 05 897 

39434 

727*3 
1205739 

38516 

71048 

1303338 

35389 
.  67206 


04341 

47512 
90257 

32587 

74507 
16027 

57^54 

97895 

38257 
78248 

17873 

57141 

96056 

34626 

72856 

10753 

48322 

85569 

22499 
59118 

95430 
41441 

67157 

02581 

37718 

72573 
07151 

41456 

7549^ 
09262 

42773 
76027 

09028 

41781 

74288 

06553 
38581 

70375 


08677 
51805 

94509 

3679 1 
78677 

20157 

61245 

01948 

42273 

82226 

21816 

61048 

99929 

38464 
76661 

U525 
52061 

89276 

26175 

62763 

99045 

35026 

70712 

06107 

41216 

76043 

10594 
44871 
78880 
12625 
46110 

79338 
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^7839 
3^418 

48972 

5950.1 

70003 

80481 

90933 
62Q1361 

11763 

22140 

32493 
42821 

53«25 
63404 

73659 
83889 

94096 

6304279 

14438 

«4573 
34685 

44773 

5483? 
64879 

74897' 


64889 

75622 
86330 
970 1 1 
07666 
18295 
a8898 

39475 

50026 

60552 
71052 
811527 
91977 
02402 
12802 

^3*77 
33527 

43^52 

54154 
64430 

74683 
8491 1 

95  J 15 
05296 

15452 
25585 
35694 

45780 

55843 
65882 

7S^9» 


65963 
76694 

87399 
9807a 

08730 

1935^ 

29957 
40531 
51080 
61603 

72IOI 

82573 

93021 

03443 

P3840 
24213 
345<5o 
44884 
5518Z 
65457 

75707 

85933 

96134 
06312: 

i646> 

26597 

3^^704 
46788 

56848^ 
66884 

76898 


67037 
77766 
88468 
99r44 
09794 
20417 
3tor5 
41587^ 

52133 
6^654 

WM9 
836^9 

94064 

04484 

14879 

25249 

35594 

45915 
56211 

66483 

7^73  «^ 
;8%4 

97153 
07329 

17481 
27609 

37713 

47795 

57852 

67887 

P  77898 


4 

68111 

788J7 

819537/ 
00210 

10857 
Z1478  . 

32074 
42643  ' 

53187- 

63705  ^ 

74197  ' 
84665  : 

95107  ' 

05524 
15917  - 

26284 

36627 

46945 

57239  ^ 
67509 

77754 

87975 
98172 

08345  : 

18495 
2  86  20 

38723  • 
48801 

58857 

68889  - 

'78898-.' 


N? 

404 

405 
406 

407 
40S 
409 
410 
411 

412 

413 
414 

415 
416 

4L7 

418 
419 

420 

421 

422 

423 
424 

4^S 
426 

427 

428 

429 

430 
431 
432 

433 
434. 


»> 


6069185 
79909 
90605 

6101276 
11921 
22539 

33»32 
43698 

54240 

<^47SS 

'  75245 
6185710 

96150 

6206565 

1695  s 
27320 
37660 

47976 
58267 

68534 

78777 

9919a 

6309361   : 

19508 
29632. 

39732 

49808 

59861 

69891 

.  79898] 


•ita 


70259 
80979 

91674 

oi2342 
12984 

23599 
34189 

44754 

.55292 
65805 

76293 

86755, 

97193 
07605 

17992 

2^355 
38693: 

49006 

59'^95 
69560 

79800 

90016 

00209. 

10377. 
2^522 

30643' 

4.0740 

50^14 

60865 

70893 

80.897 


71332 
82050 

92742 
03407 
14046 
24660 

35247 
45809 

56345 
66855 

77340 
67800 

98235 
08645 

19030 

2939a 

39725 
50036 

60322 

70585 
80823 

$}io37 
01226 

1 1 393 

21535 
31654 
41749 

51820 
61869 
71894 
81896 


72405 
83120 
93809 
04472 
15 109 
25720 

36304 
46863 

57397 
67905 

78387 
88845 

99277 

09684 

20067 

30424 
40757 
51066 

61350 
71610 
8  r845 
92057 
02244 
12408 
22548 
32664 

42757, 
52826 

62873 
72895 
82895 


73478 
84191 

94877 

®5537 
16171 

26779 

37361 
479 '8 

58449 
68954- 

79434 
89S89 

0031 9 

^0724 

21104 

31459 
41789  . 
52095  : 

62377 

72634  . 

82867 

93076 
03262 
13423 
23560  . 

33674- 
43765 

53832 
'63876 

73897 
83894  , 


D. 


435 

437 
438 

439 
440 

441 

442 

443. 
444 

445 
446 

447 
448 

449 
450 

451 

4J2 

4S3 

4S4 

455 
456 

457 
458 

459 

460 

461 
462 

4^3 
464 

467  \ 

468 

469 

470 

471 
47^ 


•"^'"•" 


638.4893 
639.4865 
640.4814 
641.4741 
642.4645 
643.4527 
644.4386 
645-4223 
646.4037 
647.383Q 
648.360© 

649-3349 
650.3075 

651.2780 

652.2463 

653.2125 

654.1765 

655.1384 

656.0982 

657-0559 
65B. 0H4 

9648 

6599162 

660.8655 

661.8127 
662.7578 

663.7009 
664.6420 
665.5810 
666.5180 
667.4530 
668.3859 
669.3169 
670  2459 
671.1728 
672.0979 
673.0209 
9420 


5591 
5861 
5808 

5733 
5^34 

537^ 

5205 

5018 
4808 
4576. 
4322 
4047 

3749 

343 « 
3090 

2728. 

^345- 
194 1 

^515 
1068 

0601 

QI  12 
9603 
9073 
8522 

7951 
7360 

6748 

6116 

54<^3 

4791 
4099 

338^ 
2654 

»903 
1131 

0340 


I 


6889 
6857 
6802 
6724 
6623 
6500 

<53« 
6187 

5998 
5786 

5552 
5296 

5018 

4719 

4397 

4c>55 
3691 

3306 
2899 

2471 
2oa3 

1553 
1062* 

0551 

0019 

9466 

8893 
8299 

7686 

705* 

6397 

5723 
5.1528 

43^4 
3580 
2826 

2053 
1260 


.7887 

785^ 

7795 

77*5 
761^2 

7487 

'733S^ 
7169 

6977 

6763 

•6527 
6269 
5989 
5687 

53^4 
5019 

4266 

3857 
3427 

.2977 

ai^05 

2012 

1499 
9^4 
0410 

9835 
9239 
8623 

79«7 

7331 
6654 

S9S8 
5242 

4506 

3750 
2974 
2179 


f 


8&84 
8847 

8788 
8705 
8601 

847J 

»323 
8151 

79S7 

7741 
7502 

7242 
6960 
66^6 

6331 

5984 
5616 

5^26 

4815. 

4383 
3930 

345<5 
2962 

2446 

1910 

1353 

0776 

0178 
9560 
8922 
8^64 

758s 
6887 

6\6g 

5431 

4673 
3896 

3099 


998 

995 

993 
991 

989 

986 

984 

982 

980 

978 

975 

97J 

97L 

969. 
■g6& 
964 
962 
96a 
958. 
956- 

954- 

95* 

950. 

947 

945- 

943- 
941 

939 
937 
935 
933' 

93 » 
929 
927 

925 

92  V 

\  919 


N< 


-5 


4^? 

638.9882 

0879 

43^^ 

639.9842 

b€37 

457 

640.9781 

0773 

43a 

641.9696 

0686 

439 

642.9589^ 

0577 

.440 

<543-94S9 

0445 

441 

644.9307 

0291 

442 

^45-9133 

x>ii4 

443 

646.8936 

99^  S 

444 

647-8718 

■9695 

445 

648.8477 

9452  - 

446 

649821.5 

9187 

447 

650.7930 

8901 

448 

651.7624 

8593 ' 

449 

652.7297- 

5263  - 

.450 

653:6948 

7912 

451 

654.6578 

7539 

452 

655.61^6 

7^45  • 

453 

65<^-5773 

6.730 

454 

657-5339 

6294 

455  • 

658.4884 

5-«37 

456 

,6594408 

5359  ^ 

451 

660  3911 

4860 

458 

661.3393 

4341 

459 

662.2855 

3800 

460 

663.2296 

3239 

461 

^4.1 7 1 7 

2658 

462 

665.1 117 

2656  . 

'4'^3 

666.Q497 

1434 

4^4^ 

.9857  ' 

0792 

465 

667.9197 

0130 

466 

668.8  SI  6 

9447 

4^7 

669.7816 

8745 

468 

670.7096 

8023 

4^9 

^671.6356 

■7281 

470 

■672.5596 

6519 

471 

673.4817 

5738^ 

47  i 

674.4018 

4937 

r876 
1832 
1765 
1^76 

M31 
1274 
1095 

•0894 
0671 
0426 
0160 
9571 
-9561 
9229 
8876 
8501 
8105 
7688 
7250 
6790 
6310 
5809 
5287 

4745 
4182 

3599 

2995 
2371 

17^7 
1062 

^378 
9674 

8950 

8206 

7442 
66s9 

585^ 


2872 
2826 

2758 
2666 

2552 

2416 

^257 

2076 

18731 

1648 

1401  - 

1132 

C841 

0195 

9839 
9462 . 

9064 

8645 

8205 

7743 
7261 

6758 

6234 
.5690 

5^*5 

4539 

3934 

3307 
2661 

J  995' 

1308 

c6o2 

9876 

9130 

8365 

7579 
^775' 


9 

3869 
3820 

3749 

3^5<^ 

3540 
3401 
3240 

3057 
2851 

2624 

2375 
2104 

.1811 

1496 

n6o 

0802 

0423 

0023 

9602 

9159 

8696 

8212  ] 

7706 

71^1 

6634 

5480 
4872 

4244 

3595 

2927 

2239 

1530 
0802 
0054 
9287 
8500 

1^93 


998 

995 

993 
991 

989 

9S6 

984 

98  a 

980 

97.8 

975 

973 
971 

969 

966 

964 

r)62 

9<5<? 
958 
9j6 

9-54 
952 

950 

947 

945 

943 
941 

939 

937 

935 

933 

931 
929 

927 

925 

923 
921 

919 


473 

474 

475 
476 

477 
478 

479 
480 

481 
482 

483 

484 

485 
486 

487 
488 

489 
490 

491 
492 
493 
494 

495 
496 

497 
49^8 

499 

500 

501 

502 

504 

SOS 
506 

507 
508 

509 

510 


••» 


674.8611 
675.7783 
676.6936 
677.6070 

678.5184 
679.4279 
680.3355 
681:2412 
682.1451 
683.0470 
.9471 
684. 8454 
685.7417 
686.6363 
687.5290 
688.4198 
689.3089 
690.1961 
691.0815 

;  965  I 
692.8469 
65^3.7269 
694.6052 
695.4817 
696.3564 
697.2293 
698.1005 

-9700 

6998377 

700.7037 

701.5680 
702  4305 

703.2914 
704.1505 
705.0080 
8637 
706.7178 
I   707.5702 


I 

2 

3 

4 

9529 

P447 

»3<S5 

2283 

8700 

9615   0531  1 

«447 

7850 

8764 

9678 

0592 

6982 

7894 

88o5 

9718 

6094 

7004 

7914 

8824 

JI87 

6096 

7004 

7912 

4262 

5168 

6074 

6980 

3317 

4222 

Sii6 

6030 

2354 

325*5 

4159 

5061 

I37I 

2272 

3173 

•4073 

0370 

1269 

2t68 

3066 

935' 

'  0248 

If  45 

204 1 

8313 

9208 

0103 

0998 

7256 

8150. 

9043 

993<J 

6181 

■7073 

79<54 

8855 

5088 

5978 

6867 

7757 

3977 

.4864 

57S2 

6640 

2847 

.3733 

4619 

S5°S 

1699 

2584 

3468 

4352 

0534 

14 16 

2298 

3180. 

9350 

0231 

Mill 

1991 

8149 

9027 

9906 

0785 

6929 

■7806 

8683 

9560 

569:1 

6568 

7443 

8318 

44J8 

53" 

6185 

7058- 

3165 

•4037 

4909 

5780 

1876 

2746 

3616 

4485 

0569 

»437 

2305 

J173 

9244 

OIII 

0977 

1843 

7902 

8767 

9632 

0496 

6543 

7406 

8269 

9132 

5167 

6028 

•  6890 

7751 

3774 

-4633 

5493 

6352 

2363 

3221 

4079 

4937 

0936 

1792 

2649 

3505 

9492  . 

0347 

1201 

205  s 

8031 

8884 

9737 

0589. 

6553 

7405 

8256 

.9107 

Dif 

917 

915 

9«3 
911 

910 

96S 

906 

904 

902 

900 

893 

S96 

895 

893 
891 

889 

8^7 

885 

884 

saz 
880 

87« 
877 

875 

873 

872 

870 
868 
866 
864 
863 
861 
860 
8^ 
856 

85^ 

851 


473 
474 
475 
47<5 
477 
478 

479 
480 

481 
482 

483 

484 

485 
48d 

.487 
488 

489 
490 

491 
492 

493 
'494 
495 

497 
498 

499 

500 

yoi 

5C2 

503 

504 
505 

506 

507 

508 

509 

.510 


^mm 


675.3200 

676.2362 

677.1505 

678.0629 

9734 
679,88i9 

680.7886 

681.6934 

682.5963 

<583'4973 
684.3965 

685.2938 

686.1892 

687.0828 

9746 

688.8646 

689.7527 

690.6390 

691.5235 

6924062 

69^.2872 

694.1663 

695.0437 

9^93 
696.793 1 

697.6652 

M-5355 
699.4041 

700.2709 

701.1361 

9995 
702.8612 

703.7212 

704-5794 
705,43<5o 
706.2910 

707.1442 

9957 


4117 

.3277 
2418 

1540 

0643 

97^7 
8792 

7838 

6865 

5873 
4863 

3834 

2787 

1721 
W37 

9535 
8414 

7275 
6119 

4944 
3752 
2541 

1312 
0067 
8804 

7523 
6224 

4908 

3575 

^225 

0857 

9472 
807  r 

6652 

5216 

37<^4 
2294 

0808 


5034 

4192 

333^ 
2452 

155^ 
0634 

9<^97 
8741 
7766 

6773 
57^1. 
473^ 

3^1 
2613' 

1528 
0423 
.9301 
8161 
7002 
5826 
4631 
3419 

121^9 

0942 
.9676 

8394 

7093 
5776 

4441 
3089 

1720 

0333 
8930 

7509 

6072 

4617 

3M6 
1659 


2 

595  ^ 

5107 

,4244 

2461 
1 54 1 
0602 
9645 
8668 

7^73 
6659 

5626 

4575 
3506 

2418 

1312 

0188 

9046 

7885 

6707 

55 ''I 

4297 
3065 

1816 

0549 

9264 

79^3 
6643 

5307 
3953 
2582 

1193 
9788 

8366 

6927 

547 1 
3998 
2509 


6867 
6022 

5157. 

4273 

3370 
2448 

1507 

0548 

9569 

8572 

755<^  I 
6522 

5469 

4398 
3308 
2200 
1074 

993^ 
8768 

7588 
6390 

5175 

3941 
2690 

142 1 

0135 
8831 

7510 

6172 

4816 

3444 
2054 

0647 

9223 

-7782 

6325 

4850 

3359 


Dif 

917 

9^5 

913 
911 

910 

908 

906 

904 

902 

900 

898 

896 

895 

893 
S91 

889 

887 

«85 

884 

882 

880 

878 

877 

873 

872 

«7o 
868 
866 
864 
863 
861 
860 
858 
856 
854 
852 
851 


5" 

512 

5'3 
514 

5'5 

517 
518 

520 

521 
522 

5-23 
524 

525 
526 

527 
528 

529 
530 
531 

532 

533 
534 

535 
536 
537 
538 

539 

540 
541 
542 

543 
544 

545 
546 

547 
.548 


0 

5059 

2 
5908 

3 
6758 

.4 
7607 

Dlf 

708.4209 

849 

709.2700 

3548 

439*^ 

5244 

6091 

847 

7IC.II74 

202o 

2866 

37  >4 

4559 

846 

9631 

0476 

1321 

2165 

3010 

844 

711.8072 

8915 

9759, 

0601 

1444 

843 

712-^497 

7339 

8180 

9021 

9862' 

841 

713.4905 

5745 

6585 

7425 

8264 

839 

714.3298 

4«3^ 

4974 

5812 

6650 

838 

7I5.K574 

2510 

3347. 

4183 

5019 

836 

716.0033 

0S69 

1703 

253« 

3373 

-835 

8377 

9211 

0044 

0877 

1710 

833 

717.6705 

7537 

8369 

^200 

0032 

831 

718.5017 

5847 

6677 

7507 

8337 

830 

719-3313 

4142 

4970 

5799 

6627 

828 

720.1593 

2420 

3247 

4074  . 

4901 

B26 

9857 

0683 

1508 

2334 

3'59 

825 

721-8106 

8930 

9754 

.0578 

1401 

823 

722.6339 

7162 

7984 

8806 

9628 

82a 

723-4557 

5378 

6198 

7019 

7839 

820 

724.2759 

3578 

4397 

5216 

6035 

'818 

725.0945 

1763 

258I 

3398 

4216 

817 

9IKS 

-9933 

C749 

1565 

2380 

8 15 

726.7272 

8087 

8901 

9716 

0530 

8^4 

7275413 

6226 

7039 

7852 

8664 

8iz 

728-3538 

4350 

5161 

5972 

6784 

811 

729.  J  648 

2458 

3268 

4078 

4888 

809 

9743 

0552 

1360' 

2168 

2977 

808 

730.7823 

8630 

9437 

0244 

105 1 

S06 

731.5888 

6693 

7499 

8304 

9109 

805 

732-3938 

4742 

5546 

6350 

7153 

804 

733-'973 

2775 

3578 

4380 

5183 

802 

9993 

0794 

«595 

2396 

3197 

8ai 

734-7998 

8798 

9598 

0397 

1 196 

799 

735-5989 

6787 

7585 

8383 

9181 

798 

73<5.39<55 

4762 

5558 

<5355 

7151 

796 

737.1926 

2722 

3517 

4312 

5107 

795 

9873 

0667  1 

146 1 

2254 

3048 

793 

738-7806 

8598 

\   9390 

0182 

Q974 

79^ 

5" 
512 

S>3 
$16 

sn 

5«o 

521 

525 
526 

528 

53° 
531. 
532 
533 
534 

535 
53<5 

537 
538 
539 
54P 
541 
542 

543. 
544 

545 
546 

547 

54?  f 


*m»      ■ 


708.8456 
7096939 
710.5404 
711.3854 
712.2287 
713.0703 
9104 
714^7488 

7r5.58^6 
716.4207- 

717-2543 
718.0863 

9167 

7I-9-7455 
720.5727^ 

721.3984 

722,2225 

723.(»45o 

8660 

724.6854 

725-5033 
726.3196 

727-1344 

9477 

728.7595 
729.5697 

730.3.785 

73'-^857 

99x4 

732.7957 

7335985 

734-3997 

735-1995 

9979 
736.7948 

737.5.902 
738-3841 
739vi7<^^^ 


9305 
7786 

6250 

4698 

3129 

1544 
9943 

«325 
66pi 

5042 

337<5 
1694 

9996 

8283 

<5554 
4809 

3048 

'272 

94JB0 

7672 

5850 

4012 
2158 

0290 
8406- 
6507. 

4593 
2663 

0719 

8760 

6787 

4798 

2794 
0776 

8744 

6696 

4634 
2558. 


.0154 
8633 

7096 

5542 

3971 

2385 

078a 

9162 

7527 
5876 

4208 

2525 

0826 

9111 

7380, 

5<533 

3871 
2093 

;03oo 
8491 
6667 

-4827 
2972 
iioaf 
9216 
7316 
5400 

3470 
1524 
9564 

7588 

5598 
3593 
1574 
9540 

7491 
5427 
3350 


8, 

X003 
9480 
7941 

^385 
4813 
3225 

1620 
0000 
8363 
6710 
5041 

33S<^ 
1655 

9938 
8206 

6458 

4694' 
2914 

11^0 

93^9 

7483 
5642 « 

3786 

1914 
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997  9129 

998  999-3481 

999  .7828 


4597 
8983 
33^5 
7743 

2!l6 
6484 
0849 
5209 
9564 
3916 
8262 


7407 
1893 

6374 
0850 

5322 

9789 
4252 

8710 

3163 

7612 
2056 
6496 

0931 

5362 

9788 

4210 

8627 

3039 

7447 
1851 

6250 

0645 

5036 

9422 

3803 

8180 

2553 
6921 

1285 

5645 
0000 

4350 
8697 


7856 
2;j4l 

6822 

1298 

57^9 
0236 

4698 

9155 
3608 

8057 

2500. 

6940 

>374 

5805 
0230 
4651 

9068 

3480 

7888 

2291- 

66go 

1085 

5474 
9860 

424.1 
8618 
2990 

7358 
1721- 

6080 

0435 

47«5 
9^31 


8305 
2790 

7270 

1745 
6216 

0682 

5U4 
9601 

4053 
8501 

2944 

7383 
]8i8 

6247 

0673 

5093 
9510 

3921 

8329 

273' 

7150 
1524 

5913 
0298 

4679 

9055- 

3427 

7794 

V57 
6516 

0870 

5220 

9566 


449 

449 

448 

448 

447 

•447  , 
446 

446 

445 

445 

444 

444- 

443 

443 

442 

442 
442 
441 
441 
440 
440 
440 

439 
439 
438 
438^ 
437 
437 
43^ 
43<^ 
435 
435 
.434. 


<  "^ 


»• 


5«7 

985.4265 

968 

8754 

-969 

98*'3238 

970 

7717 

971 

987.2192 

973 

6663 

973 

988.1128 

•974 

SS90 

97S' 

989-0046 

976 

4498 

977 

8946 

978 

990-3389 

979 

7827 

980 

991.2261 

981 

6690 

982 

992. 1 1 15 

983 

SS35 

984 

9951 

9^<; 

993.4362 

^6 

8769 

9«7 

994-3171 

988 

7569 

989 

995.1963 

990 

6352 

991 

996.0736 

992 

5"7' 

993 

9492 

994 

997.3864 

995 

8231 

996 

998.2593 

5>97 

<59Si 

998 

999.1305 

^999 

5^55 

47 '4 
9202 

3686 

8165 

2640 

7109 

»57S 
6035 

0492 

4943 

9390 

3833 
8271 

2704 

7133 

1557 

5977 
0392 

4803 

9209 

3611 

8009 

2402 

6791 

1175 

5554 

9930 
4301 

«667 

3029 

7387 
1740 

6089 


5'6} 
9651 

4'34 
8613 

3087 

7556 
2021 

6481 

0937 
5388 

9835 
4277 

8714 
3»-47 
7575 
1999 
6419 

0834 

5244 
9650 

4051 

8448 

2841 

7229 

1613 

5992 
0367- 

4737 
9104 

3465 

7823 
2176 

6524 


5612 
6099 

4582 
9060 

3S34 
8003 

2467 

69  Z7 

1382 

5833 
0279' 

4721 
9158 

3590 
8018 
2441 
6860 

1275 

0090 

4491 
8B88 

3280 

7668 

2051 

6430 

0804 

S»74 
9540 

3901 

8258 

2611 

6959 


f  ^ 

6061 
0548 

S03<> 
9508 

3981 
8450 

2913 

7373 
1828 

6278 

07<23 

5164 

9601 

4033 
8461 
^884 
7302 
I7i6 
6ia6 

053' 
4931 
9327 

37*9 
8106 

2489 

6867 

1241 

5611 

9976 

4337 
8^94 
3046 

73P3 


DsJ 

449 

449 

448 

448 

447 

447 
44<J 

446 

445 
445 
444 
444 

443 

443 
44t 

442 

442 

441 

441 
440 
440 
440 

439 

439 

43S 

4i8  , 

437 

437 
436 

43^ 
435 
435 
434 


I' 

I. 


2 

JO 

J« 
32 
33 
34 

35 

37 
38 
39 

45) 

41 

42 

43 

44 

45 
46 

47J 
48 

49 
5Q 
51 

52 

53 
54 

55 

5<i 

57 

58 

59 
.60 


SINES    AND    TANGENTS. 

* 

o  Degrees. 


Sine. 


7,9408419 
7,9550819 
7,9688698 
7,9822334 

7,995 1986 
8,0077867 
8,0200207 

B,o3 19^95 
8,0435009 

8,0547814 

8,0657763 

8,0764997 

8,0869640 

8,0971832 

8;  107  1669 
8,1169262 

8,1264710 
8,1358104 

8>  1^495 3 2 

8»iS39075 
8,1626808 

3,i7i'>8o4 

8,1797129 

8,1879848 

8,1961020 

8,2040703 

8,2118949 

8,2195811 

8,2271335 

8,23455^8 

83M1B553 


Sine  Com. 


SiftcCom.  t  Taogeot 


9.9999835 
9,9999823 

9,9999812 

9,9999800 

9»99997*» 

9*9999775 
9,9^99702j 

9>99997'«^^ 
9)9999735 
9i999972i 

9>999970<5 
9,9999691 

9,9999076 

9,9999660 

9,9999644 

9,9999628 

9,9999611 

9^^999594 
9^9999577 
9>99995S9 
9*9999541 
9.9999522 

9>9y99503 
9,9999484 

9,9999464 

9^9999444 
9,9999424 

9,9999403 

9*999938^ 

9>99993<^^ 
'9>9999338 


Sine. 


7,9408584 

7>955099<^ 
7,9688886 

7,98^2534 
7,9952192 
8,007^092 
8,0208445 
8,0319446 

8,04352^4 
8,054<J094 

8,0658057 

8,0765306 

8,0869970 

d, 0972172 

8,I07202<,* 

S,  1 169634 
8,1265099 
8,1358510 
8,1449956 
8,1539516 
8,1627267 
8,1713282 
8,1797626 
8,1880364 
8,1961556 
8,2041259 
8,2119526 
8,2196408 

8,2271953 
8,2346208 

8,2419215 


Tan.  Coiap* 


■•  <  p  <  ■ 


Tan.  Com. 


3^,0591416 
2,0449004 
2,0311114 
2,0177466 
2,0047808 
,9921908 

19799555 
,9680554 

,9564726 

,9451906 

♦9341943 
,9234694 

1,9130030, 

1,9027828 

W8927975 
1,8830366 

1^8734901 

1,864149c 

1,8550644 

i,8z|6o4t)*| 

1.8372733 
1,8286718 

1,8202374 

1,8119636 

1,8038444 

1,7958741 

^,7880474 

I17803592 
1,7728047 

Ij7^S3792 
1,7580785 


Tangent. 


89  Degrees. 


30 
29 

2$ 
27 
26 

2? 
24 

2t 
21 
20 

19 

18 

n 
16 

^5 
14 

^3 
12 

II 

to 

9 
8 

7 
6 

5 
4 
3 

2 
.   I 

O 

• 

a 
•  •-* 


H 


D 


I  Degree* 

V 

Sine.     ISlae  Com.     raDgenu 


0^8,241855^ 
1 1 8,24903:^2 

2  8,2560943 

3  8,2630424 
4' 8,26988 10 
5  8,2766136 
j6  8,2832434 

7  8,2897734 

8  8,2962067 

9  8,3025460 

0  8,3087941 

1  8,314953^ 

2  8,3210269 

3  8,3270163 

4  8,3329243 

5  8,3387529 

6  8,344504^ 

7  8,3501805 

8  8,35578^5 

9  8,3613150 

20  8,3667769 

21  8,3721710 

22  8,3774988 

23  8,3827620 

24  8,387962^ 

25  8,3931008 

26  8,3981793 
^27  8,4031990 

28  3,4081614 

29  8,4130676 

30  8,4179190 

Sine  Com. 


9*999^33^ 

9i99993 » ^ 
9,9999294 

9,9999^7 1 
9,9999:47 

9,9999224 

9,9999200 

9>9999nS 

919999^50. 
9,9999125. 

9,9999 1 00 

9,9999074 

9,9999047 

9,999902 I 

9,9998994 

9,9998966; 

939998939 
9,9998911 

9,9998882 

9,9998853 

9,9998824 

939998794 
•9,9998764 

939998.734 
9,9998703 

9,9998672 

9,9998641 

9,9998609 

9^9998577 
9,9998544 

9,9998512 


Taa.  Comp 


8,2419215 

8,2491015 

8,2561649 

8,2631153 

8,2699563! 

3,2766912 

81^833234 
8,2898559 

8,2962917 

8,3026335 

8,3088842 
8,3150462 
8,3211221 
8,3271143 

8,3330249 
8,3388563 
8,3446105 
8,350^895 

8,3558953 
8,3614297 

8,3668945 

8,3722915 
8,3776223 

8,3828886 

8^3880918 

8,39323S''> 
8,3983152 

8,403338  i 

8,4083037 
8,4132132 

8,4180679 


1 1,7580785  J5or 
11,7508985    59 

",7438351   5^ 

11,7368847  57 

">7300437  56 
ii,7i33o88|55 


11,7166766 

11,710144^ 
11,7037083 
11,6973665 
11,6911158 
11,6849538 
M,6788779 
11,6728857 
11,6669751 

11,6611437 
1^,6553895 

11,6497105 

11,6441047 

11,6385703 


54 
53- 

5^ 

5^ 

45^ 
48 

47 
46. 

4J 

44 

4J 

4^ 
4t- 


11,6331055  40 

11,6277085 

11,6223777 

11,6171114 

11,6119082 

11,6067664 

1 1,6016848 

1 1,5966619 

11,5916963 

11,5867868 

11,5819321 


39 

3* 

37 

36^ 

35' 

34. 

33: 
3^ 

3^' 
30 


iine.   Tan.  Com.   Tang.  '  I  n 
IS 


88  Degrees. 


/■ 


2 

^-« 
P 

» 

3-0 
31 
32 
33 
34 

35 
36 

37 
38 

39 

.40 

41 
42 
43 

44 

4S 
46 

47 
48 

49 
SO 
5« 
52 
53 
54 

55 
56 
57 
58 

59 
■60 


Sine. 


I  Degree. 

Sine  Com. I  Tangent 


814179190 
8,4227168 
8,4274621 
8,4321561. 

S>4367999 
8»44,i3944 

8,4459409 
8,4504402 

8*4548934 

M593013 
894636649 

8,4679850 

8,4722626 

8,4764984 

8^4806932 

8,4848479 

8^4889632 

^»4930398 
8,4970784 

8,5010798 

8,5050447 

8,5089736 

8,5128673 
8,5167264 

8,5205514 

8,5243430 
8,5281017 

8,5318281 
8*5355228 
8jS39«863 
8,5428192 

Sine  Com. 


9,999851a 

9,9998478 
9,9998445 
9,9998411 
9,9998367 

9*9998342 
9,9998306 
9,9998271 
9,9998235 
9,9998199 
9,9998162 
9,9998125 
9,9998088 
9,9998050 
9,9998012 

9>9997974 

9*9997935 
9,9997896 

9*9997^5^ 
9,9997817 

9*999777^ 
9*9997736 

9*9997695 

9*9997653 
9,9997612 

9*9997  5  7<^ 

9*9997527 
9,9997484 

9^9997441 
9*9997398 
9*9997354 


Tan..  Corop* 


a— •i 


8,4i8o(!»79 
8,4228690 
8,4276176 
8,4323 1-50 
8,4369622 
8,4415603 
8,4461103 
8,4506131 
8,4550699 
8,4594814 
8,4638486 
8,4681725 
8,4724538 

8.4766933 
8^4808920 

8,4850505 

8,4891696 

8,4932502 

8,4972928 

8,5012982 

8,5052671 

8,5092001 

8*5130978 
8,51696 10 

8,5207902 

8,5245860 

8*5283490 

8*5320797 

8*5357787 
8,5394466 

8,5430838 


ii,-58i932i 

"*577i3io 
11,5723824 
11,5676859 
11*5630378 

11*5584397 
11*5538897 

11*5493869 

ii>pM4930' 
11,5405186 

11,5361514 

11*5318275 
11,5275462 

12,5233067 

11^5191080 

[1,5149495 

11,5108304 

11,5067498 

11,5027072 

11,4987018 

11*4947329 
11,4907999 

1 1,486902.2 

11,4830390 

1 1,4792098 

11,4754140 

11,4716510 

11,4679203 

1 1,4642213 

11,4605534 

11,4569162 


30 
29 

28 

27 
26 

25 
24 

23 

22 
21 
20 

9 
8 

7 
6 

5 

4 

3 

2 

I 

9 


Sine.   Tan.  Com.   Tangent. 
M  Degrees.  . 


7 
6 

5 
4 

3 

2 

X 

o 


C3 


o 
I. 


3 
4' 

5 
6 

7 
8 

9 

10 

I 

I 

2 

3 

t4 

^5 
6 


«1> 


27 

29 
3^ 


Shi€. 


8,5428192 
8,5464218 


2J8>S4^;9948 

8»S53538<^ 

8»5S7o53<^ 
8,5605404 

8*5^39994 
8,5674310 

8>S7o»357 
8>S74Zi39 
8,5775660 

8,5808923 

8i5"84i933 

8>f«  74^94 
8,5907209 

8>593948  ^ 

8.597'Si7 
8,6003317 

8,6034856 

8,6066220 

ao^|8j6o9734 
81,612823'^ 

8,615891c 

23  8,6189369 

24  8,6219616 

25  8,6249653 

26  ts,6279484 
8,6309111 

3.6338537 
a.6367744 
8,63967961 


2  IVgrees. 
Sloe  Com.    Tangent.  {Tan.  Comp. 


9*9997354 
9*9997309 
9,9997265 
9,9997220 

95^997174 
9,9997128 

9,9997pS2 

9»9997«^3^ 
9,9996985; 

9,9996942 

9,9996894 
9,9996846 
9,9996798 
9^9996749 
9,9996700 
9,9996650 
9,9996601 

9j999^55o 

9j999^'5oo 
9,9996449 

9,9996398 

9,9996346 

9,9996294 

9,9996242 

9,9996189 

9^9996^^3^ 
9,9996082 

9,9996028 

9i9995974 

9*99959  «9 
9,9995865 


8,5436838 
8,5466909 
^,5502683 
8,5538166 
8.55733<^2 
8,56oS276 
8,5642912 

8*5^772^75 
8,5711368 

{8,5745197 
8,5778766 

8,5812077 
8,5845136 

8,5877945 
8,5910509 

8,5942832 

8559749^7 
8,6006767 

8,6038  86 

8,6069777 

8,6100943 

8,6131889 

8,6162616 

8,6193127 

8,6223427 
8^62535  r8 
6,6^83402 
8,6313083 
8,6342563 
816371845 
8,640093 I 


•m  !■     •>■ 


Sine  Com.  j    ^  Sine.   '  /  Tan.  Coml 


1,45^9162 

1,453309^ 
i>44973i7 
1,4461834 
1,4426638 

i>439^724 


60 

59 

5« 

57 
56 

55 


1,4357088)54 


1,4322725 
1,4288632 
1,4254803 

1,4221234 
1,41879^23 
1,4154354 
1,41221^55 
1,408^491 
1,40571458 
1,4025083 

i>3993^33 
1,3961614 

1,3930223 

1,3899057 

1,3868 » II 

Jr38373«4l 
1,3806873 

^377<^S73 
i»374<5482 

1,3716598 

1,3686917 

i>3^S7437 
1,3628155 

1,3599069 


I  Tangent* 


53 
52 
5^ 
50 
49 
48 

47 
46 

45 
44 

43 

4» 

40 

39 
38 
37 
3^ 
35 
34 

33 
3^ 
31 

• 
a 


5' 


I 


s  Degrees. 


30 
3' 
32 
33 
34 
35 
3^ 
37 
38 

39 

40 

41 


Sine. 

8^396795 

8.,6454z82 
.8,648  Z74  2 
8,6511016 
8^53^107 
8^567017 

Ms  9474  8 
8^622303 
8,6649684 
8,6676893 
8/1703932 
42t8,/573o8o4 


43 
44 

45 

46. 


48 
49 

5» 


8,6757510 
8,6784052 
8,6Sio433 
8,6036654 


47  8, 6^62.7 1 8 


8,6885625 
8,6914379 
8,6939980 
8,6965431 


52:  8,6990734 

53  8,7015889; 

54  8,7040899 

55  8,70657661 

56  8,7090490 

57  8,711-^075 
58,8,7139520 

59  8,7163829 

60  8,7188:002 


Sine  Cooi*  ' 


9,9595865 
9,9995«o9 

9^95753 
9,9995697 

9,9995641 

9y999'SS^4 

9>999SS^7 
9,9995469 

9>99954ii 
9>9995353 
9^9995295 
9*9995236 

9*999^5  n^ 
9,9995116 

9*9995056 
9,9994996 

9i9994935 
9,9994874 

9;99948  x  2 

9)9994750 
9,9994688 

9,9994625 
9,9994562 
9*9994498 

9>9994435 
9»999437o 
9*9994306 

9*9994241 
9,9994176 

9,9994110 

9,9994044 


Sine. 


8,6400934 
8,64^9825 
8,645,8528 
8,6487044 
8*6515375 

«»6543522 
8,6571490 

8,6599279 

8,6626891 

8,6654331 

8,6681598 

8,6708697 

8,6735628 

8,6762393 

8,6788996 

8,^15437 
8,6841719 

8,6867844 

8,6«938i3 

8,6919629 

8,6945292 

8,6970806 

8,6996172 

8,702139c 

8,7046465 

8,707.139s 
8,7096105 

8,7r2c834 

^^7145345 
8,7169719 

8*7193958 
Tan.  Com. 


Taa.  Comp. 


,35^99069   JO 

♦357017s  29 
»yr4i472  28 
,351 2956  27 
,3484625  26 

,3456478  25 
,3428510' 24 
,3400721   23 

*3373i09  22 
*3345<569  21 
,3.318402  20 

,3291303  tp 
,3264372  18 

,3237607  17 

,3211004.  16 

,3184563  t5 
,3158281  14 

,3132156  13 
,3106187  iz 
,3080371  II 
,3054708 1 10 
,30291941  0 
,3003828  8 
,2978610  J 

*2953S35  6 
,29286(55     5 

,2903-815  4 

,2879166  3 

,2854655  2 

,2830281  I 

,2806042  o 


Tangent. 


83  Degrees. 


B 


I 

2 

3 
4 

S 
6 

7 

9 

o 

I 

2 

3 
4 

5 
6 

7 
8 

9 

20 
21 
22 

23 

24 

25 
26 

27 

28 

29 


3  Degrees. 


Sine.  .Sine  Com* 


7188002 

7212040 

723594^ 

7?5972i 

7283366 
73o6»82 
7330272 

7353535 
7376675 

7399691 

7422586 

74453^0 
7468015 

7490553 
7512973 

7535278 

IS  51 ^^9 
7S195A6 
7601512 
7623366 
76451 1 1 

7666747 
7688275 

7709697 

773»0M 
7752226 

7773334 
7794340 
7815244 

783604b 
7856753 


Sine  Com. 


9*9994044 
9>9993978 

9>99939i* 
9*9993844 
9>999377<5 
9*9993708 
9>9993<^4o 

9,9993572 

9*9993503 
9»9993433 
9*9993364 

9*9993293 
9*9993223 

9*9993 '5  2 
9,9993081 

9,9993009 

919992938 
9,9992865 

9*9992793 
9,9992720 

9,9992646 

9,9992572 

9,9992498 

9,9992424 

9,9992349 
9,9992274 

9,9992198 

9,9992122 

9,9992046 

9,9991969 

9,9991892 


Sine. 


Tangent. 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
» 
8 
8 
8 
8 


7193958 
721 8063 

7242035 
7265877 

72895^59 

7313174 
7336631 

7359964 

7383172 
7406258 

7429222 
7452067 

7474792 
7497400 

7519892 
7542269 

7564531 
7586681 

7608719 

7630647 
7652465 

7674175 

7695777 
7717274 

7738665 

7759952 
7781136 

7802218 

7823199 
7844079 
7864861 


Tan.  Comp. 


Tan.  Com. 


,2806042 

*278i937 
,2757965 

*2734i23 

,2710411 

,2686826 

,2663369 

,2640036 

,2616828 

,2593742 

,2570778 

*2547933 
,2525208 

,2502600 

,2480108 

>245773i 
,2435469 

*24i33^9 
,2391281 

*2369353 

>2347535 
,2325825 

,2304223 

^2282726 

,2261335 

,2240048 

,2218864 

^2197782 


,2176801 
,2155921 

^2135139 


Tangent. 


86  Degrees. 


60 

59 
58 
57 
56 

55 
54 

53 

52 

50 

49 
48 

47 
46 

45 
44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 

33 
32 

3^ 
30 

a 

ii 


p 

3^ 
3* 
33 
34 

35 
36 

37 
3« 

39 

40 

41 
4^ 

43 
44 

45 
4^ 

47 
48 

49 

53 
54 

55 
56 

57 

58 

59 
60 


3  Degreed.   . 
v>iae.       iSine  Com.  l  Tangent. 


7856753- 

7»77359 
7897867 

7918278 

7938594 
7958814 

7978941 

7998974 
8018915 

8038764 

8058523 

8078192 

8097772 

8117264 

8136668 

8155985 

8175217 

8194363 

82*3425 

8232404 

8251299 

8270112 

8288844 

8307495 

8326066 

8344557 
8362969 

8381304 

8399561 

8417741 

8435845 


Sine  Com. 


9,9991892 
9,9991815 

9^9991737 
9,9991659 

9,9991580 

9,9991501 

9,9991422 

9*9991342 
9,9991262 

9,9991182 
9,9991101 

9,9991020 
9,9990938 
9,9990856 
9,9990774 
9,9990691 
9,9990608 

9^9990525 
9,9990441 

9*9990357 
9,9990273 

9,9990188 

9,9990103 

9,9990017 

9*998993 » 
9,9989845 

9,9989758 

9,^98967 1 

9,9989584 

9*9989496 
9,9989408 


Sine 


7864561 

7885544 

7906130 

7926620 
7947014 

7967313 
7987519 

800763,2 

8927653 

8047583 

8067422 

8087172 
8106834 
8126407 

8145894 
8165294 

8184608 

8203838 

8222984 

824Z046 

8261026 

8279924 
8298741 

8317478 

8336'34 
8354712 

8373211 

8391633 

8409977 

8428245 

8446437 


Fan.  Com. 


Tan.Comp^ 


>2i35^39 
,2114456 

,2093870 

,2073380 

,2052986 

,2032687 

,2012481 

,1992368 

>i972347 
»i9524i7 

»i932578 
,1912828 

,1893166 

>^873593 

,1854106 

,1834706 

,1815392 

,1796162 

,1777016 

>» 75 7954 

>i738974 
,1720076 

,1701259 

,1682522 

,  1:663  866 

,1645288 

,1626789 

,1608367 

,1590023 

>i57»755 
>i553563 


Tangent. 


86  Degrees. 


3^ 
29 

28 
27 

26 

25 
24 

23 

22 

21 
20^ 

9. 

8 

7 
6> 

5 

4- 

3 
2. 

I. 

o 

9 
8 

7 
6 

5 
4 

3 

2 

I 

o 


12 


2? 

• 
* 

• 

4  Degrees. 

> 

( 

Sine. 

•SiQe>  Com. 

Taogeot*. 

Taa.Coxnp. 

• 

o 

8.8435845^  9»99394o8  8,844^437 

J^J^5535^3 

60 

I 

«>8453874  9>99893i9 

8,8464554 

11,1535446 

59 

1 

8,8471827  9,99^9230 

8,848?597 

11,15^7403 

S8 

3 

8,8489707:9,9939141 

8,8500566 

n, 1499434 

57 

4 

8,8507512:0,9989052 

8,8518461 

11,1481539 

S« 

1 

5 

8,8525245;  919988962 

8,8536283 

11,1463717 

SS 

6 

8,85  42905. 9,9988S7 1 

8,8554034 

11,1445966 

54 

7 

8,856049319,9988780 

8>S57i7»J 

11,1428287 

53 

8 

3,8578010  9,9988689 

8,8589321 

11,1416679 

52 

9 

8,8595457  9^9988598 

8,8606859 

iT,i393Mi 

51 

lO 

8,8612833 

9,9988506 

8,8624327 

11,1375^73 

SO- 

It 

8.86  jo  1 39  9,998^414 

8,8641725 

11,1358275 

49 

12 

8,8647376:9,9988321 

8,8659055 

11,1340945 

48 

'3 

8,8664545  9,9>H8228 

8,86763^7 

11,1323683 

47  . 

14 

8,868 1 646 

9,9988135 

8,8693511 

11,1306489 

46  ' 

is 

8,8698680 

9,9988041 

8,8710638 

11,1289562 

45 

i6 

8,8715646 

9,9987947 

8,8727699 

,11,1272301 

44 

I? 

8,8732546 

9,9987853 

8,8744694 

11,1255306 

43  . 

IB 

8^8749381 

9,9987758 

.8,8761623 

rll, 1238377 

^9 

3,87661 50 

9,9987^63 

8,8778487 

11,1221513 

41 

20 

3,8782854 

9,9987567 

8,8795286 

11,1204714 

40 

21 

3,8799493 

9,9987471 

8,8812022 

.11,1187978 

39 

2a 

8,8846069 

9,9987375 

8,8828694 

11,1171306 

38 

23 

8,8832581 

9,9987278 

8,8845303 

11,1154697 

37 

24 

8,8849031 

9,9987181 

8,8861850! 

11,1138X50 

36 

25 

8,8865418 

9,9987084 

8,8878334 

ir,ii2i666 

35 

26 

8,8881743 

9,9986986 

8,8«947S7 

11,1105243 

34 

27 

8.8898007 

9,9986888 

8,8911119 

11,1088881 

33 

28 

8,8914209 

9,9986790 

8,8927420 

11,1072580 

32 

29 

8,8930351 

9,9935691 

8,8943660 

11,1056340 

3' 

3® 

8,8946433 
Sine  Cool. 

• 

9,9986591 

8,8959842 
Tan.  Com. 

11^1040158 
Tangent. 

30 

Sine. 

• 

S  -. 

« 

85  D 

egrces. 

• 

% 

2 


3<> 
3« 
3^ 
33 
34 
35 
36 

37 

3« 

39 

40 

41 

42 

43 

44 

45 
46 

47 
48 

49 

SP 
SI 

52 

S3 
54 

55 
SO 

57 
5» 

59 

60 


Siae. 


8,8946433 
8,8962455 

8,8978418 

8,8994322 

8,9010168 

8,9025955 

8,9041685 

8.9057358 
8,9072975 

8,9088535 
8,9104039 
8,9119487 
8,91^4881 
8/;  1 502 19 
8,9165504 

8,9180734 
8,9195911 

8,92noM 
8,9226x05 
8,9241^^23 
8,92560^9 
8,9271003 
8,9285866 

8,9300678 

«»93«5439 

8,9330^5^ 
8,v;3448i.i 

8,9359422 
8,9373983 

3,938849^ 
8,9402960 


4.  Degrccsir " 
Sine  Com.  j  Tangent.  jTan.Comp. 


9,99865.91 
9^9986492 

9.9986392 
9,9986292 
9,9986191 

9,99.86090 
9,9985988 
9,9985886 
9,9985784 
9,9985682 

9>998557? 

9>9985475 

9»9985372 
(;,9985268 

9,9985163 
9,9.985058 

9^99^4953 
9,9984848 

9,9984742 

9,9984636 

9,9984529 

9,9984422 

9>9984.3iS 
9,9984207 

9,9984099 

|9»9983^90 
:  9,9(^83881 

!9>9983772 
'9,9983663 

9.9983553 
9,9983442 


8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


j  Sine  Com. 
La-  '"•'— — p— — 


8 

18 

8 


85^59842 

S975963 
8992026 

9068030 

9023977 
9039866 

9055697 
907,1472 
9087190 
9102853 
9118460 
9134012 
9149509 
9x64952 
9180340 

9^95675 
9210957 

9226186 

9241363 

9256487 

9271560 

9286581 

93^^552 
93 1 647 1 

9331340 
9346160 

9360929 

9375650 
9390321 
9404944 
9419518 


Sine.      Tan.  Com. 
Z$  Degrees. 


,1040158 
,1024037 
,1007974 
,0991970 
,0970023 
,0960134 

,0944303 
,0928528 
,0912810 
,©897147 
,0881540 
,0.865988 
,0850491 
,0835048 
,0819660 
,0804325 
,0789043 

,0773^14 

>0758637 

>o743Si3 

,0728440 

,0713419 
^0698448 
,0683529 
,0668660 
,0653840 
,063907 1 

,0624350 
,0609679 

,0595056 

,0580482 


TangCQt. 


30 

29 
28 

27- 

26 

25 
24^ 

23 
22 

21 

20  ~ 

9 

3 

7 
6 

•f 
4- 

3 

2; 

I 

o  • 

9 
8  . 

7 
6 

S 
4 
3 

I 

•  Q  • 
S3. . 


H 


Sine. 


5  Degrees. 


o 

I 

2 

3 

4 

S 
6 

7 
8 

9 

lo 

IX 

»3 

M 

i6 

I? 

i8 

^9 

2o 

?1 

22 

^3 
26 

27 
28 
29 


S'me  Com. 


8,9402960 

8>94i737^ 

8,943^743 
8,9446063 

8,94i5o335 

8>94745^i 
8,9488739 

8,9502871 

8,9516957 

8,953.0996 
B,95449PL 

8>955894o 
8.957^843 

8,9586703 

8,9600517 

8,9614288 

8,9628014 

8,964j697 

8>9^5S337 
8,9668934 

8,9682487 
8,9695999 
8,9709468 
8,9722895 
8,9736280 
8,9749624 
8,9762926 
8,977^188 
8,9789408 
8,9802589, 


9,9983442 

9*998333^ 
9,998322a 

9,9983109 

9,9982997 

9,9982885 

9,9982772 

9,99826601 

9,9982546 

9>99^2433 
9,9982318 
9,9982204 
9,9982089 
9,9981974 
9,998185^ 

9*9981743 
9,9981629 

9,9981510 

9,9981393 

9,9981275 

9,9981158 

9,9981040 

9,9980921 

9,9980802 

9,9980683 

9,9980563 

9,9980443 

9,9980323 

9,9980202 

9,9980081 


TangeQC* 
8,9419518 


Sine  Com. 


8,9491676 
a,9So-5967 
8,9520211 

8,9534410. 

8,9548564 
8,9562672 

8,9576735 
8,9590754 
8',96o4728 

8,9618659 

8,963^545 
8,9646388 

8,9660188 

8,9673944 
8,9687658" 

8^9701330 

8,97  M959 

8,9728547 


Tan.  Coiap- 

11,0580482 
8,9434044!  I ',0565956 

8,9448523  11^,0551477 
8,9462954  11,0537046 
8,9477338  11,0522662 
11,0508324 
11,0494033 
11,0479789 
11,0465590 
11,0451436 
11,0437328. 
11,0423265 
1 1,0409246 
11,0395272 
11,0381341 
11,0367455 
11,0353612 
11,0339812 
11,6326056 
11,0312342 
1 1,029867a 
11,0285041 
11,0271453 


a,98r5729  9,9979960 


Sine. 


8^9742092!  11,0257908 
8,9755597!  ^^>0244403 
8,9769060}  1 1,0230940 
11,0217517 


8,9782483 
8,9795865 
8,9809206 
8,9^22507 

8,9835769 


11,0204135 
11,0190794 
11,0177493 
11,0164231 


Tan.  Com.  1    Tangent. 


[ 


84.  Degrees*, 


60 

59 
58 

5T 

54- 
5J 
52 

5^ 

50 

49 

47 
46- 

45- 
44 

43- 
4?- 
41 
40 

39^ 
38- 
37 

35 
34- 
3? 
3* 

3' 
130 


3° 
31 
32 
33 
34 
35 
36 

37 
38 

39 
40 

4» 

41 

43 
44 

45 
46 

47 
48 

49 
50 
5' 
5* 
S3 
54 

55 

56 

57 

5« 

59 
60 


■5  Degrees. 


mmt^mm^^iaia^ 


S'rae.      Sine  Com.     Tangent.'  Tan.  Cotnp. 


8,9815729  9,9979960 
8,9828829  9,9979838 
8,9841889  9,9979716 


8,9854910 
8,9867891 
8,9880834 

8^9893737^ 
8,9906602 

8,9919429 

8,9932217 

8,9944968 

8,9957681 

8^997^3  S<5 
8,9982994 

8>999S595 
9,0008160 

9,0020687 

9,0033179 

9,0045634 

9,0058053 

9,0070436 

9,0082784 

9,0095096 
9,0^07374 
9,0119616 
9,0131823 

9*014399^ 
9,0156135 

9,0168239 
9^180309 
9,011^2346 


I  Sine  Com. 


9*9979593 

9>997$47® 

999979347 
9*9979223 

9,9979099 

9i997^97S 
9,9978850 

9,9978725 

9*9978599 

9*9978473 

9*9978347 
9,9978220 

9,9978093 

9,9977966 

9*9977838 
9,9977710 

9,9977582 

9i9977453 

9*9977323 

9»9977^94 
9,9977064 

9*9976933 
9,9976803 

9,9976672 

9>9976540 
9,9976408 

9,9976276 

9,9976143 


4 


Sine. 


8,9835769 
8,9848991 

8,9862173 

8*9875317 
8,9888421 

8,9901487 

8^9914514 

8,9927503 

8,9940454 

8*9953367 

8,9966243 

8,9979081 
8,9991883 
9,0004647 
9,0017375 
9,0030066 
9,0042721 
9*<^<^5534o 
9,0067924 
9,008047 1 
9,0092984 
9,0105461 
9,0117903 
9,0130310 
9,0142682 
9*0155021 
9,0167325 
9,0179594 
9,0191831 
9,0204033 
9,0216202 


,0164231 

,0151009 
,0137827 
,0124683 
,0111579 
,0098513 
,0085486 
,0072497 
,0059546 
,0046633 

*oo33757 
,00209  *  9 
,0008117 

0*9995353 
0,9982625 

0,9969934 

0*9957279 
0,9944660 

0,9932076 

0,99195,29 

0,9907016 

0*9894539 
0,9882097 

0,9869690 

0*9857318 

0,9844979 
0,9832675 

0,9820406 

0,9808169 

0,979596? 

0,9783798 


Tan.  Com./ 


Tangent. 


84  Degyeesi 


3^ 
29 

28 

27 
26 

^5 
24 

23 

22 

21 

20 

9 
8 

7 
6 

5 
4 

3 

2 

I 

o 

9 
8 

7 
6 

5 

4 
3 

2 
I 

O 


V 


o 
I 

2 

3 
•4 

5 
6 

7 
8 

9 

o 

I 

2 
•» 


6 

7 
8 

9 

20 
21 

22 

23 

25 

:26 

o  •- 
•^  / 

28 
29 

3^ 


i5  Bcgreed. 


Sioc.     Sine  Cona* 


(>,o  19234(5 

9,0204348 

9>o2i63i8 
9,0228254 
9,0240157 


9,0252027^,9975475 


9,o2638(}5 
9,0275669 
9,0287442 
9,0299182 
9,0310890 
9,0322567 
9,0334212 

9,0345825 
9,035  740  7^ 
9,0368958 
9,0380477 
9,039.1966 

9,0403424 
9,0414852 

9,0426249 

9,0437617 

9,044^954 

9,0460261 

9»047i538 
9,0482786 

9*94940051 
9*0505^94 
9>05i6354 
9,0527485 

9,05385^8 
Sine  Com. 


9i9976M3 
9,9976011 

9»997S877 

^19975743 
9,9975609 


9*9975340 
9*9975205 

9*9975069 

9?9974933 
9*9974797 
9,9974660 

9*9974523 

9*99743^^ 
.9,9974248 

9,9974110 

9*9973971 
9*9973^33 
9j9973<593 

9*9973554 

9*99734*4 

9>9973273 

9*9973132 

9*9972991 
9,9972850 

9,9972708 

9,9972566 

9,9972423 

9,9972-280 

9*9972137 
9*997^993 


Sine. 


TaJig^t. 


9,0216202 

9,0228338 
9,0240441 
9,0252510 
9,0264548 
9,0276552 
9,0288524 
9,03004^ 
9*0312373 

;9,0324249 

9*033^093 
9,0347906 

;9,o3 59688 

9*^371439 

9*0383159, 
9,0394848 

9,0406506 

9,0418134 
9*0429731 
9,0441299 

9*^5283^^ 
9,0464343 

9,0475^21 
9,0487270 
9,0498689 
9,0510078 

9*052^39 

9*053277^ 
9*0544074 

9*0555349 
9,056659s 


Tan.  Comp; 


1 


0*9783798  60 
0,9771662  59 

^*9759559  5^ 
0*9747490  57 

0,9735432  s^ 

0,9723448  55 
0,971x476.54 

<>*9^9953^  53 
0,9687627  52 

0*9^75751-  5' 
0,9663907  50 

0^9652094  49' 

0,9640312  48 

0,9628561  47 

0,9616841  46 

0,9605152  45 

0*9593494  44 
0,95818166  43 

0,9570^69  42 

0,9558701  41 

0*9547 1  ^4  40 
o>9535<>57  39 
0,9524179  3^ 
0,95 '273®  37 
0,9501311  36 

0,9489922  35 

o,9478.5<^i  34 
0,9467229  3-3 

P*9455926  32 
0*9444^51  3' 

0,9433405  3*^ 


Tan.  Com. I  TaQge  a  • 


83  Degrees. 


i 


p 

• 

31 
32 

33 
34 

35 

36 

37 

3S 

39 
40 

41 

43 
44 

45 
46 

-47 
48 

49 

SI 

52 

53 

54 

55 
56 

57 

58 
59 


L. 


Sin^. 


p,P538588 
$^054966 1 
9,0560706 
9,05)1723 
9,0582711 

9*0593672 
9,0604604 

9,0615509 

9,0626386 

9*^637235 

9,0648057 

9,0658^52 

990669619 

9,0680360 

9,0691074 

990701761 

9,0.7 1-^42 1 

9>07  23055 
9,07  336^63 

99O  744244 

9»0754799 
9>o765329 

9,0775832 

9^0786310 

9,0796762 

9^807189 

9,0817590 

9io8279<)6 

9>o83^3i7 
9,0848643 

9>o858945 


6  P^fffts, 
Sine  Co^iJ  Tj^if^i^ 


9i997 1993 
9»997i849 
9>997?704 

9>997*559 
9,997x414 
9>997^268 
9,9971122 
9,9970976 

9,9970829 
9,9970682 

9>9?70535 

9>99703«7 

9*9970239 

9*9970090. 

9,9969642 

9,9969492 

9>99<^9342 
9,9969191 

9*9969040 
9,99688^ 

9,9968^^6 

9,9968584 

9*996343  JL 
9,9968278 

9,95^8125 

'9*9967971 
9,99678 1 7 

9*99676^2 
9*9967507 


9,0566595 

]t^i0579«*3. 
9*©s9pP02^ 

9f  o6od 1 64 

9;o6ii397, 

9,o62;i403 

910633482 

9>o6jfj4533 
9^0655556 

9,0666553 

9^0677522 

91,0688465^ 

S^o69938i 

91,0710270, 

9,o72j.ij3 

9,073 1969 

9*0742779. 

9*0753563 
9*07^4321 

9*0775053 
9,0785760 

9,0796441 

9,0807096 

9,0817726 

9,0828331 

9,0838911 

9,0849466 

9,6859996 

9,0870501 

9,088098 I 

9,0891438 


Tan.  Cdmp. 

1^*9433405  ;3«> 
'0,9422187  29 

10,9410998  z8 
^orf>3^98j6  27 
ioy93&8703  26 

io,937?^597  25 
10,9366518  24 

^o,935ir46T.23 
'0,9344444  xa 

10,9333447  2'^ 
10,9322478  20 

io>$r3ii535  *9 
10,9300619  l8 

10,9289730  17 
i!0,9278867  ;id 

10,9268031 

1:0,9257221 
10,9246437 

^'0,9235^79 
10,9224947 

10,9214240 
10,9203559 
10,9192904 
10,9182274 
10,9171669 
10,9161089 
10^9150534 
10,9140004 
10,9129499 
10,9119019 
10,9108562 


Tan,  Corn.  I  Taogenc 


^5 
14 

r3 

12 

II 

ro 

9 

7 
6 

S 

4 

3 

I 
0 


M 


^3  Di^grees. 


« 

o 

I 

2 

3 
4 

5 
►6 

7 

a 

9 
:o 

t 

'2 

3 
4 

5 
6 

7 

8 

9 

2Q 

21 
22 

^3 

24 

26 

27 

28 

29 

30 


7/DeSgree5. 


Sine*     .Sioe  Com. 


9,0658945 
9,0869221 
9,0879473 

9,0889700 
9,0899903 

9,091  OOd*! 

S>,o92o237 

9>09303^7 
9,0940474 

9,0950556 

9,0960615 

9,097065 1 

9,0980662 

9,0990651 

9,1000616 

9,1010558 

9,1020477 

9i»<530373 
9,1040246 

9,1050096 

9,1059924 

9,1069729 
9,1079512 
9,1089272 
9,1099010 
9,1108726 
9,1118420 
9,1128092 

9»  1 13774^ 
9>i  147370 

9>"S^977 


Tangent.  1  Tan.  Comp. 


9,9967507 

9*99^735^ 
9^9967 196 

9,9967040 

9^99^6884 

9,9966727 

9,9966570 

9,9966412 

9,9966254 
9,9966096 

9>99<JS937 
9»99^S778  9i 
9,9965619  9, 

9>99<^S4S9  9i 

9,99^5*99  9» 
9,9965138  9, 

9»99<^4977  9» 
9,9964816  9, 

9,9964655  9, 

9,9964493  9, 

9*99^4330  9» 
9,9964167  9, 

9,9964004  9, 

9,9963841  9, 

9,9963677  9, 

9>99^35i3  9f 
9>99^334»  9> 
9,9963183  9, 

9,9963018  9, 
9,9962852  9, 
9,9962686  9, 


9,0891438 
9,0901869 
9,0912277 
9,0922660 
9,0933010 

9i0943355 
9,0953667 

9,0963955 

9,0974219 

9,0984460 

9,0994678 


Sine  Com.  I      Sine. 


004872 
015044 
025192 

©353^7 
045420 

055500 

065557 
075591 

0B5004 

095594 
05562 
15508 

^543  J 

35333 

452*3 
55072 

64909 

747*4 
84518 

94291 


Tan.  Com; 


0,9108562 

0,9098 13  r 
0,9087723 

0190773401 
0,9066980 

0,9056645 


60 

S9 
58 
57 
56 
55 


0,9046333'  54 
0,9036045  5j 
0,9025781  52 
0,9015540  51 
0,9005322  50 
•,8995128  49 
0,8984956  48 
0,8974808  47 
0,8964683  46 
0,8954580  45 
0,8944500  44 

0,8934443  43 
0,8924409  42 

0,8914396  41 
0,8904406  40 
0,8894438  39 
0,8884492  38 
0,8874569  37 
0,8864667  36 
0,8854787  35 
0,8844928  34 
0,8835091  33 
0,8825276  32 
0,8815482  31 
0,8805709  30 


Tangent. 


62  Degrees, 


/ 


2  - 


7D€gre«Si? 


so 

3^ 

33 
34 

35 
36 

37 
38 

39 

40 

41 
43t 

43 
44 

45 
46 

47 
48 

49 

50 
5» 
52 
53 

54 

55 
56 

57 
58 

59 
ijo 


Sine. 


9* 
9» 
9> 
9» 
9> 
9» 
9» 
9* 
9» 
9' 
9' 
9' 

9» 
9' 
9» 

9' 
9» 

9' 
9* 
9» 
9' 
9» 
9» 
9' 
9* 
9' 

9' 

9, 

9> 
9> 
9» 


i5<^77 
166562 

176125 

185667 

195188 

204688 

214167 

223624 

233061 

^42477 
251872 

261246 

270600 

279934 
289247 

298539 
307812 

3 1 7o<^4 
326297 

3355*9 
344702 

3538.75 
363028 

37216J 

381275 

390370 

399445 
408501 

417537 
426555 

435553 


Sine  Com. 


9,9962686 
9,9962519 
9,9962352 
9,9962185 
9^9962017 
9,9961849 
9,9961681 
9,9961512 

9>99<^i343 
9,9961174 

9,9961004 

9,9960834 

9,9960663 

9,9960492 

9,9960321 

9,9960149 

9.9959977 
9,9959804 

9.995963 « 
9>9959458 
9,9959284 
9,9959111 

9i995893<^ 
9,9958761 

9^9958586 

9*995841 1 
9*9958235 
9,9958059 

9,9957882 

9>9957705 
9*9957528 


Tangent. 


Tan*  Cpmp* 


9. 

9f 
9* 
9« 
9> 
9* 
9» 
9» 
9» 
9* 
9* 
9» 
9» 
9* 
9» 
9> 
9* 
9» 
9* 
9» 
9> 
9> 
9* 
9> 


194291 
204043 

213773 
223482 

233J71 
242839 

252486 
2621 12 
271718 
281303 
290868 
300413 

309937 
319442 
328926 

338391 

347835 
357260 

366665 

376051 

385417 
394764 
404092 
413400 


9,^422689 

9*1431959 
9,1441210 

9,1450442 

9*1459655 
9,1468849 

9,1478025 


Sio&Com.  I      Sine. 


Tan.  Com. 


0,8805769 

0.8795957 
0,8786227 

0,8776518 
0,8766829 
0,8757161 
0,8747514 
0,8737888 
0,8728282 
0,8718697 
0,8709132 
0,8699587 
0,8690063 
0,8680558 
0,8671074 
0,8661609 
0,8652165 
0,8642740 
0*8633335 
0,8623949 
0,8614583 
0,8605236 
0,8595908 
0,8586600 
0*8577311 
0,8568041 
0,8558790 
0,8549558 

0*8540345 
0,8531151 

018521975 


Tangent. 


rj'S, 


30 
29 

2^. 

27 
26 

25 

24 

23 
2Z 

21 

2a 
9 

a* 

7 

6 

5 
4 
3 

2 

I 
O 

9 
8 

7 

5 
4 

3 

:^ 


8'  Degrees. 


f 


6'      SiBe. 

ml  >■■   I         r-  T     ■■•■ 

rp*  14445  3^ 

2  9>M53493 

3  9» '4^2435 

4  9>i47»35^ 

5  9,1480262 

^  9,1489148 

7  9,1498015 

8  9,1506864 

9  9,1515694 

0  9,1524507 

1  9»'5333oi 

2  9,1542076 

3  951550^34 

'4  9>  1 5  595  74 

5  9,1568296 

6  9,1577000 

7  9,1585686 

'■»  9»^S943S4 
^  9,1603005 

20  9,1611639 

2f    9,1620254 
22   9,1628853 

23  9i'^37434 

24  9>^^4599^ 
25 19,1654544 

26  9,1663074 

27  9,1671586 

28  9,1680081^ 

29  9,1688559 

30  9,1697021 


Sine  Com. 


Sine  Com. 


9f99S7S2'» 
9t99S735<5 
9i99S7i72 
9,9956993 

9,9996815 
9,9956635 

9i995<545^ 
9,9956276 

9,999609^ 

9^99559^5 

9^9955734 
9i99S5552 

9>995537o 
9,9955188 

9»99S5?05 
9,9954822 

9^9954639 

9^9954455 
9*9954271 
9,9954087 

9)9953902 

9»99537i7 

9>995353i 

9^9953345 

919953159 
9,9952972 

919952785 

91V952597 
9,9952409 

9,9952221 

919952033 


Ttftgent 

9,1478025 
9,1487181 
9,1496321 
9,1505441 

9i»5HS^43 
9,1523627 

9,1532692 

91*541739 

9i»55<=>7^9 
9,1559780 

9it568773 

91^577748 
0,1586706 

9,1595646 

9,1604569 

9i»<5»3473 
9,16223.61 

9,1631231 

9,1640083 

9,1648919 

9.1^57737 
9,1666538 

9,1675322 

9,1684089 

9,1692839 

9,1701572 
(,•,1710289 
9,1718089 
9,1727672 

91^736338 
9,1744988 


Tbn.Comp. 


Sine.       Tan.  Com. 
81  Degrees. 


10,852197560 
10,8512818  5^. 
10,8503679^  58 

10,8404559  5T 

10,8485457  S^ 
ro,8476373  55 

10,8467308  54 

10,8458261  53 

10,8449231  5Z. 

10,8440220  51 

10,8431227  50 

10,8422252*4^ 

1 0,8^4 13  294  48 

10,8404354  47 

10,8395431  4<J' 
10,838652745 

10,8377639  44 
10,8368769.43 

10,8359917  42- 
10,8351081  41 
10,8342263  40 
10,8333462  39 
10,8324678  38 
10,8315911  37 
10,83071^1  36^ 
10,8298428*35 
10,8289711  34- 
10,8281011  3j., 
io,827232'8  32 
10,8263662'  31 
10,8255012!  30- 

Tangf. 


'8^%«M. 


f  r^ 


19,172230^ 

9.' 755784 
9,1764112 

9.' 772425 
9, 1 71*072  J 
9,i7fi;90oi 
19.1797265 
9,180551 


y,.„[3744  9*94935- 

9,1821963  9,9949'SB 
"  '8301^0  9,994?9(S'4 
8;{3344  9,994fi7'S9 


Sibe  Com. 

9,995'i^i^ 
9,995184^ 
?.99Si'5S;4 
9.^5 1 4«4 
9'993-^in 
9,9951084 
9,9?5o8(>J 
9.^9  50  7.=*? 
9'99>°VP 
9>99jo3"'8 
9,9950 1  i6 
9.9949933 
9-99+9740 
9'£'94954'5 


9,i84(>5i2 
9,1854665 

9,i8fJ28o2 

9.'87'i92a 

[87^029' 

887120, 

'895195 

I9P32S4 

19U299, 

'9 '93 22 

,    19?7342, 

9.1935341 

9.194^324 


Sine 'Cora. 


■9-9948573 
9.9948377 
9,994818) 
,  9.9947985 
'  y.994778* 
9.994759' 
9.9947J93 
y.9947195 
9.9946997 
9,9946798 
9,994^599 
9)994^399 
9,9946199 


Sine 


Tail  gene.  >  Tao^Comjl. 


5,1744988 
9,Ji622^9 

5^1770840 

9  15 

^'     'i 

9:  \9 

9,1822106 

9.i>3°5Pt 
9,-!«39o6ff 
9,1847525 

9,i%596f5 
9,18(54392 

9,t8'72  8o2 
9,1881196 
9,i889575- 
9>'*P793^ 
9,i9b63lf7 
9,'r9i462i 
9,1922939 
9. '93'' 24' 
9.19395 29 
91 1 94; 802 
9,1956059 
9,(964302, 
9.197253'^ 
9,1986743 
9.,iq8894< 
9.19971-25 


tafl.  Com.    "Tangent. 


o,82S;olii^  30 

o,fi?46378 
o«8237';ar  28 

,822yl6tf 

6,52  r^oo?  __ 
p,'8J^3^^4  24 
6,81^4^5^  2^ 
o,$i  86398 
o,-Si778Jt4 
0,^169465 
b;8(6Q95!i 
0,5152475 
0,8144034 
0,8135608 
o,-Si27i98 
"  ■  1 8804 
0,811042^ 
o,.8;ib2o'd  I 
0.8093713 
0,8085379 
0,807706 
o,8o68?59 
0,8050471 
0,80521^8 
0,8043941 
0,80356^8 
0,8027470 
0,8019257 
0,8011059 
0,8002875 


Si  iJbgt 


g 

1 

2 

4 

S 
6 


j>  Degrees* 
Sipe.     I  Sine  Com.  |  Taiigent. 


'9 

JO 

JX 

,  12 

.13 
14 

Jf 
16 

18 

.21 

..22 

;24 

.-26 

27 

V28 


9>i943324 
9>^9Si2(;3 

9*1959247 
9,1-967186 

9ii97St^^P 
9ji.9?3Cfi9 

9^199^913 

9* '998793 
9,^006658 

9i  2^^4509 

9»202i34s 
9;2o3oi67 

9>'203.7974 
9,204^766 

9>  2053  545 
9,2o6ijo9 

9^2015905:9 

9,2076795 

9,2084516 

9,2092.224 

9^2999917 

9>2i97597 
9,^ii52t5:3 
9,21^291^4 
9,2130552 
^,2138176 

9*214575.7 

9»2i533S.4 
9,2t6o967 

9,2168536 

9,'2i76o92 


9»994S39^  9i20297ii| 
9»9945i$4  9f 203.7^25 


Sine  Com. 

1-^ 


9*9945199' 
9>994S999 
9*994579^ 
9*9945597 


1*^1997125 

9/200$ 294 

4^.20  r3449 
9,-20ZTj;88 


1^.9944992 

9*9944789 

9*9944587 

9*9944383 
9,9944180 

9»9943975 
9*9943771 
9*99435,^'^ 
9*99433^1 


9*9943^5^  9*2»'8i53 


9^994295^ 


9,2045922 

9,^054004 

9,^06207  r 

9,207012^ 

9,2078-165 

9,'2o86i9^ 

9*^.094203 

9,2102200 

9,2110184 


9,2126109 


9.9942743  t9r2  134051, 

9)994253'7l9*2M»p^o 
9*9942330:9*2149^94 


9,9942122 


9*2157795 


9>994J9i4JSi*2i^5^83 
9^9941706.9,^173556 
9,994i49S-9,2i8r4i7 
9*994128919,2189264 
9,21970971 

9*2204917 
9,2212724 
9,2220518 


9,9941079 
9,9946870 
9,9940659 

9*9940449' 
9*9940238^^,2228298 

9,9940027  9,2236065 


Sfde.*      Tan.  Com. 


Taa.  Comp. 


10,8002875  60 

0,79947^^  S9 

0,794^55 »  y8 
0*7978412  57 

0,79.70286  56 
0,7962175  55 
0,7954078  54 
o,7945i?96  53 
0,7937928  52 

0,7929874  51 

0,7921835  50 
0,7913809  49 

0*7905797  4^ 
o,7?97Eco  47 

0,7889^16  46 

0,7881847  45 

^^,787389 J  44 
0,7865949  43 

0,7858020  4-2 

0,7850106  4t 

0,7842205  40 

0*7834317  39 
0,7826444  3« 

0,71818583  37 

0,7810936  36 

0,7802903  3:5 

0,-77950,83  34 
0,7787^76  33 

0*7779482  32 

•0*7771702  3-1 

0*77^3935  30 

Tangent.      - 


'So  V^tQCSi 


if 


30 
31 
32 

33 
34^ 

36 
37 
33 

39. 

40 

4» 
42 

43 
44 

4S 

46 

47 
48 
49 
50 

5' 

52 

S3 

54 

55 
5<5 

57 
58 

59. 
60 


Sine. 


J  Uegrees.' 

Siae  Com.     Tangent. 


9,2 1 7609.2 

9;2 183635 

9,21^1164 

9,2 19JB680 

9,2^6182 

9^2213671 

9,2221147 

9,2228609 

9,2236059 

9>2243495. 

9*2250918 

9,2258328, 

9,2265725 

9,;i273iio 

9,2280481 

9*2287839 

9,2295185 

9,230251b 

9,2309838 

9>i3i7M5 
9,^324440 

.^1233172? 

9,2346249 

'91^35  3494 
9,2360726 


9,9940027 

9*9939.^15^ 
9*9939^93 

9*9.939391 
9>9939»78 
9^9938965. 

9>993875^ 

9>993>S3^ 
9^9938324 
9,9938109 

9*9937894 

9*993767^ 

919937463 

9i9937M7 

9*9937030 

9*993^813 

9*993659^ 

9.993637^ 
9,9936160 

9,9935942 

9*9935723 
9>99355?4 
9*9935285 
9*9935065 

9v9f-;34844 
9*9934.624 


9>23^7946 '9*9914403 
9*2375^53  9  9934.»8i 
912382349.9,9933959 
9*2389532  9*9933731 
9,2396702  9,9933515 


Sine  Com. 


9,223^6065 

9,2243819 
9,225.1561 

9^2259289 

9^2267004 

9,2274706 

9,2282395 

9,2290071 

9*2297735 
9,2305386 

9,2313024 

9,2320650 

9,2328262 

9*2335863 

9*234345  J. 
9,235^026 

9,2358589 

9^2366139 

9*237^678 

9>238l2Q3 

9*2388717 

9.,.23962i8 
9,2403708 
9,2411x85 
9,2418650 
9^24^6103 

9*2433543 
9>244^972 

9*244^389 

9>24557SJ4 
9,2463188 


Tan*  CpmPr  ' 


1^*7763935 
;o,7756i8i 

10,7748439 
10,7740711 
10,7732996 

'10,7725^94 

10,7717^05. 
10,7709929 

10,7702265 

10,7694614 

10,7686976 

10,7679550 

10,7.6717.38 

IQ,7J564>137 

10,7^56549 

10,7648974 
10,764141.1 

10,7633.861 
10,7626322 
10,7618797 
io,7j6i  12^3 
10,7603782 
10,7596292 
10,7588815 

10,7581350 

10,7573897 
10,7566457 

10,75  5  9®  28 

10,7551611 

10,7544206 

10,7536811 


^  ' 


39 


129.: 
'28 

1 
27 

26  ^ 

25 
24 

23     . 

2;j  :. 

20r  • 
19;^ 

17/ 
16 

15 
14: 

^3 

12  :- 

H 

10 

9^ 

8 

7 
6 

5 
4- 

2  • 
I 

o  - 


LJ- 


Sine.-    JTan.  CoqQ.j    Tangent. 

4 1,,^ 

80*  Degrees. 


J 


Sine. 


o 

« 

3 
4 
5 

•7 

9 
I 

2 

3 
^4 

5 
i6 

7 
8 


20 
21 
22 

23 

^4 
25 

26 

27 
28 
29 

3c 


Sine  Conw  L  Tangent.   Tan.  Coipp. 


t 


9,2396702 
9,2403861 
9,2411007 
9,2418141 
9,2425264 

9>^43^374 

9*^439472 
9^446558 

9)245.3<^32 
9,2460695 
9,2467746 

9.2474784 
9,2481811 

9,2488827 

9,249583c 

9,2502822 

9,2509803 

9,2516772 

9,2523729 

9,^539^75 
9,2537609 

9i?544532 
9,2551444 


9>99335iS 
9>99S3^9- 
9,9933068 
9,9932^5 
9,9932621 

9/993239^ 
9»993?i7^ 
9>993^94.<^' 
f9>993^720. 
V>99^3M94 
9,9931268^ 
9,9931041 

9,9930814 
9,9930587 


9,2463 1 8» 
^^,24705691 

9*247.7939^ 

9^:24^5297 

9,2492643 

9>?49.997^ 

9/250730^ 
9,2514612 

9,?5!ii9i2 

9,2529200 

9.2536477 

9*2543^43 

9>255^997 
9,2558240 


^>7  53^^81 2 

i<^>r52943.i 
10,752.2061 


60 


«o>7JM703^S7 


9,9930131 
9,9929902 
9,9929673 

9,9929444 
9,9929.214 

9,9928984 

9*992^753 
9,9928522 


9.993<^359b»^56S472 
9*2572692 

9j25799<^i 
9,2587099 

952594285 

9,2601461 


9*2558344  9,9928291 
9,2565233  9,9928059 
9,2572110  9,9927827 


9*2578977 
9>*585832 


9>9927S9S 
9,9927362 


9,2592676  9,9927129 


9j»-599S^9 
9,2606330 


9,2608625, 
9J26 15779 
9,2622921 
9,2630053 
9^2637 1 73 
9,2644283 
9,2651382 
9,2658470 
'9,2665547 


9,99264^95  9,26726x3 


9,9926661 


Sire  Com.  ^      Sine.      Tan.  Com. 


9326x9669 


^Qi75°7357 
10,7500022 

10,7492699' 

10,748533^ 

10,7478088 

10,7470800 

» 0.74^352  3 
iift,7456257 

10,7449003 

io,.744i76o 

»o>7434528 

10,7427308 

10,7420099 

10,7412901 

tio>74®57'5 
»o,7398539 

i'0>739i375 
10,7384221 

lo,*?  377079 

i<^»73^9947 
10,7362827 

i^>73557J7 
1 0,7  34^6 1 8 

1017341530 

10*7334453 

to,  7  3273*7 
io,73;i033i 


Tangent. 


I  »  I  ■ »' 


7y.  Degrees* 


\-5& 

SJ. 

54- 

5J 
52 

51 

SO 

49 
48 

47 
45 

45 
44 

4J 

42. 

41 
40 

BO- 
SS 
37 
3<J 

■35 

34 

>3 

3a- 

3» 

• 
[  tj*^  - 


si 


xq  I?cgp?e>^ 


•    Sine.     i^ae.  C^9>in. , 


30 

31 

32 

33 

34 

35 

3^ 

37 
3B 

39 
40 

41 
42 

43 

44. 

45 
46 

47 
48 

49 
50 


9,2606330  9,99^66(5 1 
9,2613  i4r  9,99?.^4^7 
9,2619941 '9,9926192 
9,2626729^9,9925^57 


Tan^ont-iTan.  Cooip. 


9>^^335^7 
9,2640274 
9,2647036 

9*^^53775 
9,2660509 

9,2667232 

9,2673945 

9,2680647 

9,2687338 

0,2694019 

9,2700689 

9i270734-« 

9*^713997 
9,2720635 

9^:1727263 

9^^7333^0 
9,2740487 


9>99^548<5"9>^7^4788 


9*992572^ 


9i99W^S9 
9,9925013 

9'99^4776 


9^^^79669  10,7320331 
9,3^60d7 14  10^7315^86 

9>%3749|iPj739<5iS^ 
9,^7007.72  10,57^99228 


9,'2707786 


9,27i<-78o 
9,27^876^ 

9>;i735733 


51  9,2747083 


5^'9*2753669 

53  9»^7<^<^245 

54  9,27668 1 1 

55  9V27733<56 
^6  9^2779911 

57.  <;.?  784445 

jS  9,2792970 

59  9*2799484  .  ^     _  . 

60  9,280598819,9919466 


9*9924539  i9>^742i694 

9>992430i 
9,9924063 
9,9923824 

9*99235^5' 
9*9923346 
9*9923  i^ 
9,9922866 
9^9922626 
9*5^922385 
[9,9922144 
9,9921902 
9,9921660 
9,992*418 

9,9921x75 
9,9920932 

9^9920<^89 

9,992044s 
9,9920201 

9»99i995<^ 
|9>9S^97»« 


9,2749644 
9,2756584 
9127635 14 
9*2770434 

9*2777343^ 
9,27.84242 

9,2791131 

9,2.798000, 

9,53048  7  8 

9,2814736 

9,2848585 

9,2825423 
9,283225  I 
9,2839070 
9,2845878 

9,2852677 
9,2859466 


10,729221,4 

*0,72852l,2 

10,7278220 
10,^7271.238 
10,7264262 

'10,72573^ 

10,7250356 

'10,7243416 
,10,7^3648^ 

10,7229566 

10,7222657 

.iOf72 15758 
10,7208369 
10,7201991 
10,7195 12  i 
10,7188264 
10,7181415 

xo,7i74577 
10,7167749 

10,7160930 

10,7154122 

10,7147323 

10,7140534 


30 

29 

[2$ 

27 
2$ 

2S 
24 

12J 
2Z 
21 
20; 

\9 

i9 

in 
16 

15 

*J 

iz 

11 

10 


Sine  Com.        Siae. 


9,2866245^0,7133755 
9,2873044  10,71269.86 
9,2879773  10,7120227 
9,28  865  ;23r  10,7113477 

Taa.  Com*   Taageot 


75rD«grccs»- 


9 
3 

7 

4 

2 
1 
o 


o 
I 

2 

3 

4 

S 
6 

7 
8 

9 
o 

f 

2 

3 

4 

S. 

7 


iTi  Degrees: 


S.    I 
me. 


20 
ZI 
22 

23 
24 

26 
27 
2a 
2^ 

3^ 


992805988 
9,2812483 
9,2818967 
9,2825^^41 
9,283 1905 
9>^B38j59 
9,2844803 
9,2851237 
9,2857661 
9,2864076 
9,2870480 
9,2876875 
9,2883260 
9,2889636 
'9,2896001 
9,2902357 
9,2908704 
9,2915040 
9,2921367 
1;  [9*2927685 

9>29.33993 
9,2940291 

9,2946580 

9,2952859 

9,29591:19 

9,2965390 

9,2971641 

9,2977883 

9,2984116 

.9,2990339 

9*^99^^553 


Sine  Com.1  Tangent*  Tan.  Comp. 


9>99 
9>99 
9»99. 
9>99 
9>^9 
9>99 
9^99 
9y99 
9>99 
9>b9 
9>99 
9,99 
9j99 
9»99 
9>9? 

p,99 
9*99^ 

9>99 
^;99 
9>99 
9»99 
9>99 
9»99 
9»99 
9^99 
9.99 
9>99 
9»99 
9>99 
9>99 
9r99 


Sine  Com  I      Sine. 


( 


9466 
9220 
8974 

8727 
8480 

8233 
7986 

7737 
7489 

7240 

6991 

6741 

6492 

6241 

5990 

5739 
5488 

523^ 
4984 

473  J 
44^8 

4225 

397' 
37^ 
34<^2 

3207 

295.2 
2696 

2440 

2 1 84, 

1927 


9,2886523 
9,2893.263 
9,2899993 
9,2906773 

9*2913424 
9,2920126 

9,2926817 

9*2933500 
9,2940172 

9,^946836 

9»2953489 
9,2960134 

9,2966769 
9*^973395 

9,2(J^OO  I  I 

9,2986618 

9,2993216^ 
9,29998^4 

9,3006583 

9,3012954 
9*30195^4' 

9*3026066 

9,3032609 

9*3039^3 
9,3045667 

9,3052183 

9,3058689 

9,3065187 

9,3071675 
9,3078155 

9,3084626 


Tan.  Com'. 


0*7113477 

0,7100737 

10,7160007 

0,7093287 
0,70*6576 

0*7079874 

0,7073183 
0,7066500 

0,7059828 

0,7053164 
0,7046511 

0,7039866 

0,703323^ 
0,7026605 

0,7019989 

0,7013382 

0,7006784 

0,7000196 

0,6993617 

0,6987046 

0,69^0486 

0*6973934 

0,6967391 

0,6960857 

0,6954333 

9,6947817 

o,694r3ii 

0,693^813 

0,6928325^ 

0,6921845 

0,6915374 


Tangent. 


78  Degrsos. 


60 
59 

ST 

S5-. 
54 

53- 

5^ 

5» 

5° 

49 
48 

47 
46- 

45 
44 
43 

42 

41 
40 

39. 
3« 

37. 
36 

35 
34 
3*3 
•32 
31 
30 


.a- 

si  • 


fl 


Siiae. 


30  9,2996553 

31  9,3002758 

,32  9*3008953 

33  9*30i>Si40 

-:34  9>3o2i3i7 

35  9130^7485 
■36  >t3033<^44 
'37  9.3039794 

:3  8  913045934 

:39  9.13052066 

40  9,3058189 

41  9,3064303 

4^  9/3070407 

43  9>3^76503 

44  9>3o8^59<5 

45  9,3088668 

46  9>3094737 

47  9.3100798 

48  9;3;o6«49 

49  ;P*31 1^892 
"50  9,3118926 
51  9.3124951* 

.:52  S>>3i36968 
•53  9**31 3^^976 
54  9;3M2975 
"55  9;3M8965 
5^  9.3IS4947 
57  9?3'^092i 
-58  9,31^6885 

59  9.3^72841 

60  9,3178789 

Sine  Com. 


^i  Degrees. 
Sine  Com.  1  TaogCDt. 


9,9911927 
9,9911676 
9^91 14  ri 

9,991063) 

9.99;  037  8 
9,9910119 

9.99^9859. 
'9,99)39598 

9.9909338 

9,9909077, 
•9,9908815 

'v.99o?553 
9,9908291 

,9,9908025 
^,9907766 
9,9907502 

9.9907239 
9,9966974 

^,99067  It) 

p,b906445. 
9,5906180 

9,9905914 

9,9905648 

9.9905382 1 
9,9905115 

9,9904848 
9.99045^80 
9,9904312 
9,9904044 

m        II  ■  .  ■  ■  ■  I 

.  Sine.' 


Tan.  Comp. 


9,3o84?id 
9,3  09 1 08  > 

9.309754  f. 
9.310398-5 

9,3110421 

9,311684^ 

9.3 1 23  266 

9.31^9675, 
9,3136076 

9.3142468 

9,3148851 
9^3155226 

9,3161592 

9.3167950 

9.3*74299 
9,3180640 

9,3186972 

9.3193295 
9,3199611 

9.3205918 

9^3212216 

9,3218506 

9,3224788 

9,3231061 

9.323732^ 

9.3243584 
9.32498^^: 

9.3256973" 
9.3262305 

9,3268629 
9.3274745 


Tan.  C041. 


10.691^^74 
10,69089' 12 

16,69021459 

10,68960)15 

10,6889579 

10316883152 

10,6876734 

10,6870325 

10,6863924 

10,6857532 

1 0,6^5 1 149 

10,6844774 

10,6838408 

10,6832050 

10,6825701 

10,6819360 

10,6813028 

10^6806705 

10,6800389 

10,6794082 

10,6787784 

10,6781494 

'10,67^5212 

:i  0,676893  9 

,1:0,6762673 

'ip;67564i6 

'^,6750168 

10^6743927 
16-6737695 

10^6731471 

10,6725255 


Tangent. 


1 8  Degrees. 


30 

29 
28 

27 

'26 

25 

24 

F23 

'22 

2X 
20 
IX> 

iS 

17 
\6 

15 
14 

»3 

la 

IJC 

10 

9 
2 

•7 
6 

S 
4 

3 
a 

I 

o 


'11  ntgcm. 


•5 

7 
8 

o 

1 
2 

3 
4 

6 

7 
8 

9 

21 

'22 

^3 

25. 
16 

27 

^8 

^9 

30 


Sine. 

9/3*78789 
9,3184728 

9,3190659 

9.3 'pM' 

9,3202495 
9,3208406 

9>32i4297 
9,3220186 

9,322|5o66 

9f323i938 
913237802 

913243657 
9*3249505 

9*3255344 
9,3261174 

9,3266997 

9,3272811 

9,3278617 

9,3284416 

9,3290206 

9,329^588 

9,3301761 

9j33^7527 
913313285 

9133J9035 

9.3324777 

9*3330511] 

913336237 

9,3  341 95  5J 
&13347665 

9»3353368 
Sine  Coni* 


Sine  Com. 

9,9904044 

9*9903775 
9.9.903506 

9*9903237 
9,9902967 

9,9902697 
9,9902426 

9*9902155 
9,9901883 

9,9901612 

919901339 
9,9901067 

9,9900794 
9,9900521 
9,9900247 
9,9899973 
9,9899698 
9,9899423 
9,9899148 

9*9898873 
9,9898597 

9,9898340 

9,9898043 

9,9897766 

9^9897489 

9,9897211. 

9,9896932 

9,9896654 
9,9896374 


9*3274745 
9,3280953 

9*3287*53 

9*3^93345 
9*3299528 

913305704 
9i33 1*872 
9,3318031 
9*3324183 

913330327- 
9*3336463 
913342591 
91334871 1 
913354823 
9,3360927 

9f3367024 

9i3373^'3 
9*3379194 
9*3385267 

9*339*333 
9*339739* 
9*340344* 
9,3409484 

9i34r55*i> 
9*3421546  - 
9*3427566 
9i3433578 

913439583 
9i'3445i8o 


9,9896095  9*345*570 
9,9895815  9*3457552 


Sloe. 


Tan.  Com. 


Taa.Comp. 


0^6^12^47 
6,(^706655 


0,672525516a 
0,6719047  59 

'   ^   58 

57 
0,6700472  56 

0,6694296  55 

0,6688128  54 

0,6681969  J3 

0,6675817  52 

0,6669673  5 1 

0,6663537  50 

0,6657409  40 

0,6651289  48 

t>,6645 177  47 
0,6639073  46 

0,6632976  45 

0,6626887  44 

0,6620806  43 

0,6614733  42 

0,6608667  41 

0,6602609!  46 

0,659655^  39 

0,659051(^38 


0,6584481 

0,6578454 
0*6572434 

0,6566422 

0,6560417 

0,6554420 

0,6548430 

0,6542448 

Tangent. 


37 
3<$ 
3? 

34 
33 

3i 

5" 
30 


■<  •"' 


'77  Degrees. 


n   ^fc  ■  J  I  <m  I  » 


3<f\ 
3t 

32 
33 

34 

35 

3<r 

3-7 

3^ 

35? 

49" 

4^ 

42 

43 

44 

45 
46] 

4? 
48 

49 

50 

51 
52 

53 
54 

55 
56 

57 
58 

59 
6q 


9 


Stae  Com. 

9*19895815 

9'>9^95SJS 

5^,9895254 

9'>9894973 
'9,9894692 

9V9894410 

9V9894128 

9,9893845 

9,9893562 

9^9893279 
9,9892995 

9,9892711 
9,989^427 
9,989x142 
9,9891856 
9,9891571 
9,9891285 
9,9890998 
9,9890711 
9,9890424 
9^34^5794  9»9^9^i37 

9>3n'?3^  9*9839^49 
9,347(587019,98^)9560 

9»3432397r9f98^9*7^ 
9^34879x7  |^9,9»38c^82 

9^349342-0  ;9.99^88'>93 

9>34989J4;  9)9^^^403 
9*3JQ'4432'9»9»88ii3 

^.3509922*  9^9887822 

9»35«>4^;9>98^753i 
9,352088019,9887239 


.   Stoe; 

9i33533^« 
9*3359062 

9i3ry^4749 
9,3370428 

9,3376099 

9,3381762 

9,3387418 

9»3393<^5^ 
9,3398706 

9»3404338 
9,3409963 

9,34155^^ 
9,3421199 

9,3426792 

9»343238<^ 

9»3437973 
9»3443S5? 
9,3449124 

9*3454^^8 

9,346024; 


Sine  Com. 


iSinc. 


TaffigCHt. 

S^J4^57552 
9^3463527 
9,34(59494 

^3475454 
9^3481407 

913487352 

^^3493^99 
5S3499220 

JSS3  904143 
5S35»^059 

9^3516968 

9^3522869 

5^,3528763 

9i3534<^5o 
9*3540530 
9,3546402 

9i355^2<^7 
9,3558126 

9V35^3977 
9>3  5698-21 

9,3575658 

l9V358r487 

9135873  J  ^^ 
'9>35^3l^6 

^13598935 

9.360473^ 
9,3610531 

9,36i<S3i9 

'9,362«2iGO 

9,36.27074 

9r3-^3364i 
Tan.  Corii. 


Tan.  Co*ip.| 

1^,6542448'  3.0  ' 
10^6536473:  29  . 
10,653^0506-  28 
10^652454^  2f7  - 
10,651859?  2-6  • 

10,6512^48    2  y 

10,6565710-   24. 
10,(5500780    23 

*o,6494S5'7  22  = 
10,^488941  21 . 
10,64*3032  20 
10,6477131  19 
10,6471277   18  ; 
10,6465350   ly 

10,6459^470   16  . 
>o,6453-598  ,j  . 

io,6'44773;3'  14  . 

10,6,441874  I J  . 

10,643:6023  12  f 

10,64^0179  jt 

10,64^4342  10 

10,64^8513  (f 
io,64'i  2  69b     8 

10,6406874  ^.. 

10,640.1  Ovi5  '  g,. 

10,6395264  ^ 
10,6,89469    4, 

10,6383681  3.^ 

10,6377900  2 
I.  ,6372126     I 

rcsd366359  07 


Tangent. 


77  Degreed. 


• 

el  r 


vkiVM*^^ 


o 
1 

2 

3 
4 

5 
6 

7 
8 

9 

o 

I 

2 

3 

■4 

S 
6 

7 
S 

20 
2i 

22 

23 
24 

25 
26 

27 
28 

29 
30 


9»3S2o8ga 

9*^52^349 
9>353^8io 

9*3537264 
9*3542710 

9^3548150 
9.3553582 

9*3559007 
9,3564426 

9f356983<^ 

9»3S75Mo 
9>358o637 

9,3586027 

9»359M09 

9.3596785 
9,3602154 

c;,36o75i5 

9,3612870 

9,3618217 

9^3^^23558 

9.3628892 

9.3^34^19 

9>3<^39539 
9,^644852 

9,365ai58 

9'3<5'?54S8 
9,3660750 

9,3666036 

9>3<^7i3i5 
9,3676587 

9,3681853 


Sine  Com* 


i^Degntsi^ 


Tangent. 


9>9.887a39. 
9,9886947 
^,9H86655, 

9.9^8^3^3- 
9,9886070 

9,988:5776 

9,9885482 

9,98^5 1 88 

$^,9884894 
9,9884599. 

9,9884.303 

9  9884008 

9,9883712 

9,9883415 

9,9883J!8 

9,9882821 

9*9882523 

9.9882225 

9,9'88i927 

9,988162s 


9,3633641 
9.363940 I 

9*3645155 
9,3650901 

9,3656641 

9,3662374 

9,3668100 

9.3673819 

9*3679532 
9.3685238 

9*3690937 
9,3696629 

9.37023^5 

9*3707994 
9,3713667 

9*3719333 

913724992 

9*373064^ 

9.373629' 

9.3741930^ 


9,988132919,3747563 

9,9881029:9,3753190 

9,988o7'i9|9,;?7;88io 

9,9880429  9,3764423:. 

9,9880128 19,3770030 

9,987982719,3775631 

9.987952519.3781225 

9,987922319,3786813 
9,987892119,3792394 

9,9878618  9^3797969 


9*9878315 


Sine  Com.        Sine. 


9.3803537 


Tan.  Com; 


Tap.  CoiBp* 

0^6366359 
0,6360599 

10,6354845 
0,6349099 

0^6343359 
0,6337626 

0,6331900 
0,6326181 
0,63  20468 
0,63.1 4762 
0,6309063 
0,6303371 
Oi62976B5 
0,6292006 

0,6^86333 
6,6280667 
0^6275008 
0,6269355 
0,6263709 
Oi.6258070 

0,6252437 
0,6246810 

0,6241190 

0,6235577 
0,6229970 

0,6224369 

0,6218775 

0,6213187 

0,6207006 

0,6202031 

0,6196463 


Tangent. 


76  Degrees 


.6a 

^^ 
r57 
5^ 
55 
54 

53- 
52: 

50. 

4!^ 
48. 

4r 
46: 

45 
44 
43 

4^ 
4« 
4^ 
39- 

35 
34 

33' 
32 
3' 
30 

S. 


:3o 


-r*r" 


Sioa; 


nr 


9,3(S«i853 


31  9,36^7111 


.3^ 

33 
'34 
35 
3^ 
37 
38 

^9 

40 

42 

43 
44 

45 

46 

47 
48 

49 


913^9^3^3 
9,3697608 

9,3702847 

9.3708079 

9.3713304 
913718523 
913723735 
9.3728940 
9,3734^39 
9f373933i 
9*37445^7 

9'37496&^* 
9.3754868 
9,3760034 

9>37<55i94 
9>3  770347 


Sine  Com. 


Tangent. 


f    - 


9i377i493 

9^3780^33 
;5oh,3785767 

,5*  9,3790894 

j;2  9,379^^015 
-53.9,3801129 
'54  9*3806^37 

55  9138*1339 

56  9,3816434 
*57  9*3821523 
58  9i3*-^^o5 
599,3831682 
00  9*383^7^2 

Sine  Com. 


9>987?3ii 
9,987801:2 

9,987770^ 

9*9877404 
9,9877099 

9,9876794 
9,987641^8 
9,^876183 
y,987j876 

9*9875570 
9,9875263 

9.9874955 
9,9874648 

9t9874339 

9.9874031 

9.9873722 

9.9873413 

9.9873103 

9i9?72793 
9,9872482 

9,9872171 

|9rf>87l86o 

9.9871549 
9,9871236 

9,9870924 
9,9870611 
9  9^70298 
9,9^69984 
9,9869670 
9*9869356 
9,9869041 


9.3«o3537 
9^3809100 

9.3^^4655. 

9,38^20205 

9,3825748 
9.383^285 
9^836816 

9.384234^ 
9,3847858 

9.3853370 
9,3858876 

9,3864376 

9,3869869 

9.3875356 
9,3^80837 

9,3886312 

9.3?9i78i 

9,3897244 
9,3902700 

9,3908151 

9.39F3595 
9,3919034 
9*3924466 

9>392989.3 

9,3935313 
9,3940727 

$.3946136 

9*395^538 

9*3956935 
9,3962326; 

9,3967711 


Sine. 


Tan.  Compi 

10,6196463  30 
10,6190900  29 
10,6185345  28 
10,6179795127 
10,61 742521.26 
10,61687*15  ^s 
10,6163184  24 
10,6157660  ;23 
10^6152142  22 
10,6146630  2.1 
10,6141124  20 
10,6135624  ip 
10,6130131  18 
10,6124644  17 
10,6119163  18 
io,€i  13688  15 
10,6108219  14 
10^6102756  13 
10,6997300  la 
10.6091849  II 

IOJ60864O5    JLO 

io,6o8c>966  9 

10,60755^4  8 

10^6070107  7 

1 0,606468  7  6 

10^6059275  5 

10,6055864  4 

1 0^6048462  3 

10,6043065  2 

10,6037674  I 

1 0^603  2289  c 


J 

Tan.  Com.     Tangent. 


.3 


:!}6  Degrees. 


J4  lymfio- 


o 

I 
a 

3 

•4 
5 

7 

■•10 
•II 

1 6 

,e| 

ly 

.20 

21 

?2 

24 

25 

.2P 


Stoe.     fSioe  Cp«». 


9,384iSr5 

9*3^4<^73 
9f3«fX924 
9>3^S^69 

9^386?<?o8 
9,3867040 

9,3882101. 

9.3887109 

9,3892111 

9,3897106 

9,3902096, 

9^3907079 

9^»39'^Q57 
9,3917028 

9*3921993 

9339f<^9>2. 

Q»393 ^905 
9.3936852 

9>394'794 

9;394<^729 
9>39{i65$ 

9t39S6s8i 

9i39$i-^99 
9,3966410 

9»397»Ji5 
9,3976215 

^91^,3981109 
!P»3985996' 


f9,98(J904i 
9«9^57:2<> 
9,9868410 

9,98t58op4 
9,9865^776; 

9*9867461 

9*9^67144; 
9,9866827^ 

9^8^6509^ 

9,9866^  91 
9,986587^ 

9*9^^5553! 
919865233 

9*98649*3' 
9,9864593 

9,9864273 
9*9863952 

9,9863630 

9i98$33o8 
9,98679^6 

0,9862663 


^t9^7^}  y  10,603228^ 


TADgeW. 


^3973089 

9*39784^3 
9*3983830 

9,3989  !9f 

9'3^4J47: 
9*399989^^ 
9*4PPp4o' 
9,4010578 

9*40159^0^ 
9,40^1237' 

9,4026538 

9,4031873 

9,4037182: 

9,40424^6^ 

9,4047784 
9#4<553076: 

9>4or836> 
9,40^53644. 

9*4068919; 
9,4074189 


Taa.  Compl 


Sine  Coai< 


p,9862340'l9*4079453 
(;,9'862o 1 7' 9^4084712 

6,986i6y3;9^cr^Sl965j 
^,9861 3<S9  9,4095:;ii2^ 

^^,9861645;  9^4100454^ 
9>986o7io^  9^4*05690; 
9,9860394.  9,4>io9ii' 
9,986.096919^1.16146, 


10,6026911 

^i«>6o2i537 

^o,6oi6i;^o 

10,6010809 

10,6005453 
10,6000104 

^0,5^^4760 
io,59%p422 
10,5984096 

*o»59.78763 

^0,5973442 
1^,5968127 

10,5962818 

J<>tS9i:7Si4 
ic,,59522i6 
.10,5946924 
10,5941637 

:« 01-5936356 

ii'q,593io8i 

«i  0*59258  II 
110,5920547 

*  0^59 1 5  288 

to.5910035: 

>P*WQ4788I 

roi589954<5 
lp,58943io 
10^5889079; 

10,5883854; 


V 


7i  V>f^«i' 


60 

59 
S« 

n 

55 

54 

S3 
5» 
S» 

50 

49 
48 

47 
46 

45 
44 

43 
4« 
41 

'4P 

3P 
3« 
37 

3« 
35 
34 

33 
^» 

c3« 
30 


S?"!S*? 


;s^<v 


Sloe  CSao}* 


J?  9»4(59f'S25 


!S}>pS5»4j(5j«,4?265 


34j 

■^ 

39. 

40 
.41' 

43 

45' 

47' 
48: 

49- 

.50: 

5'; 

i.3 
5S 


9,4095^.^. 
9^0403-48. 

9,4015201 

9,4Dap048 

9,'4P24889 
9^0:29724 

9f4P34i^" 

9*403937^ 
9,4044  J  9^^ 

9,4049009 

y^4053^^^. 
9,4058617, 

9,4068203 
9,4o,:;;Z987 
9,4077766 
9,4c8;j539 


^,985S7<52: 

«V8^?^43,4: 
9,9858^00 

.9,985744? 

9,9856790: 
J),y856469 
0,9856;  2C^ 

P>9^5S4^7 

^^9855^  35 
9,9854803 

P>985447i, 
531,9854138 

^,9853805 

9»9«5347i 

P»9»53J^3^ 
p,985.28o3 


>»«^y8#j«j«<» 


5B 

"OO 


9,4096824 

9»4ioi575: 

^4106320. 


9,408730^  ^,9852468 
9,4P9;2o68jJ>,98sii33; 


b,98sJ798 
^•9851462 
1^,9851125 


9,411 1059^9850789 
9^4i«5793jj?^98s94S2 


9,4120522, 
9,4125245, 


Sine.  Com* 


^,98501^4 
9>V?4977<5 


9,4129962.9,9849438 


>o^$8#?K4f8^[fi4 

«<^5887€>72i>^3 
10,5831901:. 22 

*o*5??^;35.  «i 

io»5^^»S75^»> 

r#,58 16440  .19 

io>58ng7' 
10,5806126 
10,580098- 

fp9S19S^S^. 

^0,57907;^; 

10,5780485 
io»S77JJ72 


9>4 157752 
5Mi«9^8 
9,4*^8o99 

9>4i73»65 

9'4*784;iS 
9^4^8358^ 
9,^188729 

9«4'9i87'4j 
9>4*99P*3 

9^42041,46 

9»42^9»75. 
pi4^*4S9^ 

P?42f95'5 
9,4;;24628 

P»4229735|j[^,57jgi65: 


J9»5?65*62; 

!  ^o,576o©65l 

:]»o>57S4974t 
>o»5  749887: 

K^5  744806: 


P»4»34838 

9t4»3?9»5 
9^4245026 

9^2S?^f3: 
pj4^5i*94.      ._ 
9^.260*71^  jc^S  7397^9! 

Pi4^'<^534^:^^<^5734^58 


9,4^704^^;  f<^57i9j9« 
9*4275469  lo,j7St453i 
9,428oj25|f€r>57*9475 

r 


Sntc     TaQ..Coxn. 
-75  0?|l«c«- 


;  .Tafigoot, 


17 

^*5 
24 

^3 

ri 
u> 

9 

-7 
16 

-4 

"3 

2 

o 

• 
a 


t?»j 


tg  Dcgrefes, 


^ 


9 

l! 


•    1 

'  i 

'  4 

5 
.<? 

a 

9 

fto 

-i'3 
14 

16 

*r7 
.18 

19 

20 

22 

^3 
24 


Side*     i  Sine' Com. 


9,41 29962 
9,4134674 

9,41393^1 

9,4144082 

9,4148778 
9,4153468 

9,4158152 

9,4162832 

9,4i6j;5o6 

9,4172174 

9>4»7^837 

9,4181495 

9,4186148 

9i4'90795 

9>4i9543<^ 
9,4200073 

9,4204704 

9*4^09330 

914213950 

9,4218566 

9,4223176 

9,42^7780 

914232380 

9.4236974 
9,4241563 

^5|9,4i46i47 

9*4250726 

9*4255299 
914259867 

9,4264430 


•26 

v27 

.28 

r29 


•301914268988 

Sine  Com. 


i 


9»9849438 
9,9849099 

9,9848760 

9)9848420 

9,9848081 

9»9  847740 
9,9847400 

9,9847059 

9,9846717 

9i984<^375 
9,9846033 

9,9845690 

9*9845347 
9,9845004 

9,9844660 

9.98443^6 

9,9843971 

9,9843626 

9,9843281 

9*9842935 
9,9842589 

9,9842242 

9,9»4i895 

9,9841548 

9,9841200 

9,9840852 

9,9840503 

9,9840154 

9,9839805 

9*9839455 
9,9839x05 


Sine. 


Taagent. 


fT..:  Co»p- 


9,4280525 

9*4285575 
9,42906=21 

9*4295661 

9,4300697 

9,4305727 

9>43*o753 

9*43*5773 
9,4320789 

9.4325799 
9,4330804 

9.43^5805 
9,4340800 

9.4345791 

9.435077<^ 

9.4355757 
9»43<^o733 

9,4365704 

9,4370670 

9*4375<^3* 

9*4380587 

9*4385538 
9,4390485 

9*4395426 

9,4400363 

9,4405295 

9,4410222 

9,4415145 

9,4420062 

9*4424975 
9,44298831 


I 


o>57«947Srfe 

0,5714425  $9 

0,57093795? 

0,5704339  S7 
0,5699303  56 

o,5^?4273HS 
0,5689247154 

0,5684227  53 

0,5679211  5a 

0,5674201  51 

0,5669196  50 

0,5664195  49 

0,5659200  48 

0,5654209  47 

0,56492241:46 

0,5644243  45 
0,5639267  44 

0,5634296  43 
o,5<^2933o,  42 
0,5624369  41 
0,56194x3  40 
'0,5614462  39 
0,5609515  38 
0,5604574  37 
o,5599<537  36 
0,5594705  35 

0,5589778  34 
0,558485^^;  33 

0,5579938  32 
0,5575025  3:1 
t),5570«7  30 


Tacr.  Com.v  Taogent 


74  Degrees. 


is 


30 

3» 
3* 
33 

34 

37 
3« 
3? 
40 
41 
42 
43 
•44 
45- 
46 

47 
48 

4S> 
5<^ 
51 
52 
53' 
54 

55 
5<5 
57 
5» 

59- 

6a 


'S:-PegK» 


Sioe. 


9,4268988 

pt427354» 
9,4278089 

9,4282631. 

9,4*87169 

9,4291701 

9,4296228 

9»43°o7So 
9,4395  267 

9.4309779 
9,4314286 

9,4318:788 

914323285 
9.4327777 
9*4332264 

9.433674(5 
9,4341223 

9.434S<594 
9,4350161 

9.4354623 

9,4359:80 

■9.4363532 
9.436  7980 
9.4372422 
9.4376859 
9,4  <8 1292 
9,4385719 
9,4390  I4i 
9.4394560 

9.4398973 
9,4403381 

Sane  Com. 


Sine  Com. 


9,     -0105 

9^838404 
9.9838052 

9»98'377oi 

9>9837348 
9^9836996 

9^836643 
9^9836290 
9*9835936 
9>983S582 

9*9835^^7 
9,9834872 

9»9834S » 7 
9*834161 

9*9^33805 

9>9833449 

9*983309^ 
9>983i735 

9^9832377 
9,9832019 

(^9831661 


Taogent..  TiQi.CoiDp* 


9,4429883 

9*4434786 
914439685 

9»4444579 
9>4449468 

9>4454352 

9»4459232 
9,4464107 

9,4468978 

9*4473843 

9,4478704 

9>44«3S<5i 
9,4488413 

9>449326^ 
9,4498102 

9*4502940 
9*4507774 
9,4512602 

9>45 17427 
9,4522246 
9'4527o6i 
9*4531872 


1 


««M«»«< 


9,9831302^9,4536678 
9,9830942    9,4541479 

9*983^583  i9>454!^5i7^ 
9,9a^0223  19,4551069 

9,9829862  |9»4S558«57 
9,9829501  9,4560641 

9,9829140  0,4565420 

9,982877819,4570194 
9,9828416:9,4574964 

.  i~  -     .-     "" 

Sine.     iTan.  Com^ 

■  74  Degrees^ 


P*5570M7 
0,5565214 

0,55603^5 
0,5555421 

M550S3? 
0*5545^48 
0,5540768 

0*5535893 
0,5531022 

0,552^157 
0,5521296 

o»55 1^439 

9>55"587 
0,5506740 

0,5501898 

0,5497060 

0,5492226 

0,5487398 
0*5482573 

0^5477754 

0,5472939 
0,5468128 

0,5463322 
0,5458521 

0*5453724 
0,5448931 

P>5444i43 
0,5439359 
0,5434580 

0,5429866 
0,5425036 


[30 

29»> 
28.:: 

27 

26*' 

24,- 

22. 
21 
26  , 


•^mm 


Tangent. 


9- 
8-, 

T: 

[4.-. 

3 

2  , 

I. 

0.  - 

I: 

6 

>  • 
3-- 

o 


.9 


f 

i 


9,44077^4 

9i44?<57^ 
914420955 

r  9*44^5^49 


9,44ac;7l8 
7  9,44j4^ot3 

ft  9,443^47^ 
9  9,4442837 

>^o  914447^97 

^  9>445rj53 

2  9*4455903^ 

3  9,44^0250 

4  9*44^45^9 1 
jT  9»44<5892*7 

^  9i447.?»^9 

7  9»4477J^6 
9  914481909 

9  9,4486227 

20  9,44905 4<> 

a  i' 9,4494849 
**  91449^^53 

23-  9>4ja3^Si 
24  9,4507747 

2519,4512^37 

2(5  9,4516322 

27  9,4520603 

28^  9,4524879 
29'  9.45^9151 
30  9*45334^8 


9,9ft2»4f*b,4f749<54 

9,9»2«of4  9,457^730 
9»9«^7^^  9,45842^^ 
9  0*273^  9,45*924* 
9,9l8'25964  cfAS94oox 

9,0^2ft«ao  9,4'59»749 
9,9^26236  9.4*6034^2 
9,9iaz58'7i  9,4j6o«232 
9,91*25^060,4612967 

9,9ia.25'r40  9,46r7697 


9,9824774 
9,91^^440* 

9,91^^4041 

9,9182^6.74 

9,9*2'3?o<5 

9:9^229^^ 

9,9^22569 

9,9^2220 

9,9821871 

9,982  r462 

9,9821092 

9^9820721 

9^982035  r 

9,9»f9979 


»On4«5'^"3* 

lO,542(5270r 
^0,^15509 

•?o,5^to7s2: 
^fo,^4d5.999 
ro,f4or25i 

'ro,S39^SO^ 

'Oo39'^7^ 
'^0,5387033 

1*0,5382303 

roj(5377^7r 

^po,5  375^55' 
r<>,j368^f37 

ro»S3<^K3f4 

jb,5354ard 
*^i'S3493»o 


,9,4622423 

^9.4^2:7145 
•9,4631863 

•9»463^57^ 
9,4<i4r2Ss 

'9»464599<^ 
9,4650690      ,^ 

9>4<^^S3^i»»*SJ44^^ 

9,456o<y78jrfe.?3i^>9ai 
9,4664765  !ro<533i23y 

9,4669448110,5330552 
9,467412770,5315873 
9,467880^2  1.0,532  fl9^J^ 
9,4^83473  ro,53i6527 
9*98  r96o^  9,468^139  10,531 1 86r 
;9»?*'9^3^  9,469180! !  1^*5507199 
!9i9df*^3,  9»4^974J9  i^ 0^530254 1 
19,9818490}  9,47o2r  12 1  fo,5297W8 
^9;98r»Jr7  9,4706762'  1015293238^ 
•9,9817744'  9,47»»407i  1^5^88593 
:9>9*J^737o.  9>47^<5^^4^i  1^1528395^ 


*«9 

^l 
S<* 

5^ 

54 

53 

52 
5* 

5° 

49 
48 

47 

45: 

44 

45 
42 

4<- 
4a 

39 

3a- 

3S 

34-^ 

33 

32 

3'- 


iS'meCom-     ..Sine.      Tan.  Com. |  Tange'nt, 

73  Degrfcs.. 


30.. 


73  *«B'*' 

M 


f 


17 


c 

2 
2 

3 

4 


9t4«$9>53 

9,4663483 

9,4667609 

9,467 « 730 
9,4673848 

9,4^7996^ 
9,4684069 

719,4688173 

819,4692273 

9,4696369 

9,4700461 


9 

10 

21 
12 

^3 

26 

'7 
18 

'9 
20 


9,4708631 

9,4712710 
9,4716785 
9,47208^6 

9,4724922 
9,4728985 

^4733043 

9i4737<>97 
9,4741146 

,^S  9*4745 '92 
9>4749234 

9*47532?! 
9f4757304. 
9t476»334i 

914765359 
9*4769380 
9*4773396 

9*4777409 
9,4781418 


'22 
23 

25 
^6 

«7 
18 

?9 

3c 


Sine  Cboi.    Taogeat.  ITaii.  Compu 


9,9805963 

9,9805577 

9.9805190 
9,9804803 

9,98044*5 
9,9804027 

9*98^3639 
9,9803250 

0^802860 

9,980247 1 
9^980268 1 


9*4704548  9,9801690 


Sine  Com. 


/  — 


9,9801299 
9,9800901$ 
9,9800516 
9,9800124 

9»9799732 

9.9799339 
9*979^946 

919798552 
9*979^*5^ 
9*9797764 

9*9797369 

9*9796973 
9,9796578 

9,9796182 

9*9795785 
9.97^5388 

9*9794991 
9*9794593 
9*9794195 


9j4«53390 
9,4857907 

9,4862419 
9^866928 

9.487^433 

9*4875933 
9,4880430 

9,4884924 
9,4889413 

9*4893898 
9,4898350 

9,4902858 

9*49<^7332 
9,4911802 
9,491^2691 

9*492073 1 
9,4925190 

9,4929646 

9*4934097 

9*4938545 
9*4942988 

9*4947429 
9,4951865 

9*4956298 

9*4960727 

9,4965152 

9*4969574 

9*4973991 
9,4978406 

9,4982816 

9,4987223 


Sine.      iTan.  Com. 


0,5146610 
0,5142093 

0,5137581 
0,5133072 
0,5128567 

0,5124067 
0,5119570 
0,5115076 
0,5110587 
0,5106102 
0,5101620 
0,5097142 
0,5092668 
0,5088198 

0,5083731 
0,5079269 

0,5074810 

0*5070354 
0,5065903 

0,5061455 

0,5057612 

0*5052571 
0*5048135 

0*5043702 

0*5^039273 
0*5034848 
0,5030426 

0,5026009 
0*5021594 
0,50 1 7 1 84 

[0,5612777 


Taagcat. 


.J2.D?gcces 


60 

59 
5« 
$7 
5^ 

i5 

54 
53 
S^ 

5' 

50 

49 
4-8 

47 
46 

45 
^44 

43 
4^ 
4^ 
40 
39 
3« 
37 
3« 
2S 
34 

33 
32 

31 

30 


.9 


31 

3* 


•  17-Degrefs. 


Sine:      Sine  Com. 


9,47814x8 
9,4785423 

9,4789423 


9.9794195 
9>9793796 

9.9793398 


33  9.4793420  9.9792998 


34 
35 

37 
38 

39 

40 

4» 
42 

43 

44 

45 

46 

47 
48 

49 

50 

5' 
S^ 

53 

54 

is 

56 

57 

58 

5^ 
6* 


9*4797412 
9,4801401 

9.48053^5 
9,4809366 

9,4813342 
9,481731s 

9,4}{2i283 
9,4825248 
9,4829208 

914833  »<^S 

9*4837 1  »7 
9,4841066 

9,4845010 

9,4848951 

9,4852888 

9,4856820 

9,4860749 

9,4864674 

9,4JJ6fff95 

9,4872'5i2 

9,4876426 

9,4886335 

9,4884240 

9,4888142 

9,4892040 

9*4895934 
9,4899824 


9>9792599 
9,9792198 
9,9791798 

9>979i397 
9,9790996 

9*979^594 
9,9790192 

9,9789789 

9,9789386 

9,9788983 

9,9788579 
9,9788175 

9*9787779 
9m3^9^9 

9,9786554 

9,9^786148 

9*978574.' 

9*9785334 
9,9784527 

9,9784519 

9*9784111 

9*9783792 

9*9783293 
9,978288^ 


'  Tangent.  Tan.  Comp.^ 


9*4987223 

9,4991626 

9,49^6026 

9,5000422 

9,5004814 

9,5009203 

9,5013588 

9,5017969 

9,5022347 

9,5026721 

Sjl,'503i092 

9*5035459 
9,5039822 

9,5044182 

9,5948538 
9,5052891 

9,5057240 


10,5012777 
10,5008374 
10,5003974 


JO 
2H 


10,4999578  27 

10,4995186 

10,4990797 

10,4986412 

10,4982031 

10,4977653 

10,4973279 

10^4968968 

16,4964541 

10,4960178 

10,4955818 

16,4951462 

1^*4947^09 

10,4942760 


9,506X586    IOJ49384I4 


Siiie  Cotn. 


9»So<?59?8 
9,5070267 
9,5074602 

9>S0789i3 
9,5083261 

9,5087586 

9,5091907 

9,5096224 
9>5J«^0539 

:9>  5^04.849 
9,5109156 


9*9782474  9,511346c 
9,9782063 '9,5117760 


4 


\'. 


.1*  ««■■»..  1* 


Sine.     ITan.'Com. 

* 


l<^,4934072 
?  0*492973  3 
10,4925398 
16,49:^1067 
10,491673(9 
10,4912414 
10,4908093 
10,4903776 
10,4899461 

lo,4»95J5J 

10^489,0844 

10,4^56540 
1^,4882240 


?5 
24 

23 

22 

21 
20 

:i. 

»7 

V 

14 

M3 
12 

It 
10 

.9, 

7 
5 

■  4 
3 

*2 
) 
& 


Tangent,    .d  ^ 

■  ■    **iiiii  Mil  ■      •i«ri 


i 


>i 


l|vI#Cg|Ct^ 


o 
1 

2 


3 
4 

*  S 
6 

7 
8 

9 
ro 

11 

S2 

J4 
,n 


Sittc. 


9,4899824 

9j49037i^ 

P»49-7S92 
9,4911471 

.9>49»^S34i 
9,49192,16 

9»49^3<^53 
9>49^^46 
9^4930806 

9>49j466i 

9^493^513 
9,49423^1 

9»494^^S 
9,4950046 

9f49T;3«83 

9»4957?J^ 
9,4961545 

9,49653.70 
18:9,4969192 

^^j9i4973oio 

^o  9,4976824 

2 t  9,4980635 

.^a  9,498444^ 
'^3^9*49*^8245 

?4!9>499.2045 


^7 

?t8 
29 


/,499S84^ 

9^4999^3^ 
.9;5oc345i 

9>  500  7  206 

015010987 

3c  9,5014764 

Sine  Coat.f 


Siae  CoDh 


9,9782063 

9.97^1^53 
9,9781241 

9,9780830 

9,9780418 

9^9780006 

9.97  7959  J 

9»9779>^o 
9,9778766 

9>9773353 
9.9777938 

9»9777S23 
9,977  7 1<58 

9,9776693 

9.9776277 

9.9775444 
9>977So26 
9,9774609 

9.977419' 
9.9773772 

9.9773354 

9.9772934 
9.9772515 
9.977209s 
9.9771674 
9*9771253 

9^9770832 
9>977<^4«o 
9,9769988 
9,978956^ 


Taogeot. 

9»5"77<fc 
9»5«  22057 

9,512635 1 

5>i5 130641 

i??5«  34927 

9.5^39210 

9»S»4349<> 
9,5147766 

9.S"S2oj9 

9,5156309 

9,5160575 

9tS '64838 
9,5169097 

9.5^73353 
9>5' 77606 

9.5181855 
9,5186101 

9.5«9034i 

9.5 194583 
9.5198819 

9.520305  7 

9,5207282 

9,5211508 

9.i;2i573^ 

9.52*9950 
9,5224166 
9,5^28)^79 
9.5232589 
9.5236795 

9,5^40999 
9y5M5*99 


Stoc. 


TaiuComp* 

io,4»«s24a  60: 

»o,4«77943  59 
10^87364958 

10,4869355^  57 

10,4865073^  56 

10,4860790  55 
10,48565x0  c4 
io,485ra234  ij 
10,4847961.  5a 
10,4843691  5 1 
10,4839425  50 

<o>483f  162  49 
40,4830903  48 

10,4826647  47- 

'6,4»aa394  46- 

io^i8»45  45 

io,4fti3«99  44  • 
io,4S69656  43 

10,4805417  44 
to«48oii8i  41;/ 

»:o*4T9694»  4« 
^0,479271  a  39 

ro  47;884ga.  38  * 

10,4984270  3t 

ic>f47»bo5©  36 

^<^*4775834  3f • 
JO>477»6ii  34. 
>^f476Tmi  33 . 
10^.763205  |t 
lOHTsycioi  |i 
'o»41l548d:i  30 


Tao^  Com  v  Taoiyq^. 


71  DqprceR 


2® 

3« 


' =3- 


f- 


I 


19,5022308  919768720 
9>5026o75  9,9768296 
9,502S^38  9^97^7872 

t9»S«33597  9^9767447 

9»50J73S3  9»9j6jo2i 

9,504"oj.  9k97^597 

9»5044853  9W>766i7i 

39j  9-5048598  9>97*574S 


40 
4* 
4» 
♦3 

44 
45 

46 

47 
48 
4» 
f« 

53 
14 

Si 

|6 
J7 
1^ 


<So 


9^5056077  {^97^489 1 

915059811  flty7jS44«4 
9>J«>^y$4a  999764036 
9»S06726ir  95»97^3^o8 

9,507099a  ai9t<%«  79 
9,507471a  9,9762750 

-9i507»43t»j)i9'?6a32i 

^5082141-  ^^9761891 

)^,i$p8585o  (9»976i46i 

'9i5o«955*  9w^76»03o 

9*5093  as«^9rfl7^599 
^#5<^9^^  SH9760 1 67  b,5336  J89 

9,5  roo65 1 .9^9759736  9,5340916 
9»5*0434*  9^9^759303  9»5 345049 
^5rto8o5i  9»9Jj8»2^  9»5i49|6| 
9t5^»«7ifr  ^^5*437  9f»$i27^ 
9>5«»I3*7  9>W58oo4  9,53^7193. 

9»5 « «9«^4  {9^9957570 |9»53^i  SoS 


9i5H5*99 
9*S»4939S 
9fSa53S89 
9iSaS7779 

9,5266150 

9*5179331 
9iS  1743(08 
9*5278682 

9>Si»i8S3 
91528702 1 

9«5i95347 
9,5299505 

9>53<^36^) 
915307813 

9^53  "96» 
9fi3V6iQ1 

9»53l®i|o 
9t5Ji4J»9 
91531851^ 
9»533i«59 


T^.  Cooip. 


59tM«i«74ftifcW57*35l9>53656»3 


^S%  26449  9^5  670 1  l9»S  3^97 « 9 


WW«a 


*W 


ISUm  C9ai» 


Ml548o^ 

0,4750405 

M74*4ii 
M74a^i' 


f4733^So 

^14719^9 

<^f47i549i» 
694721318; 

o»47^7»47 
6,4712979 
M7o^i 

M704<J5J 
6,4700495 

9»4<^339 
0,4692187 

O|4688o39 

0,4683893 

^•4*79750 
6^675611 

0»4*7I474 

^t^l«*7J4« 

6r4^lH 

6^4659084 

0,4654960 
4)^4650839 
6,4646722 
0,4642607 
0,4638495. 

0,4^343^7 
0,4<^30*8j 


»V«OTMti 


$i|ie..    iTan.Co.m*  j  Cangpnt 
7)  Ikgrcec.. 


n«ip 


«ip«4tM» 


1. 

1;. 


>4> 

!^ 

is 

tr 

4i*p! 
i& 

>4( 

«3 
t» 

■fFf 

8 
7 

s 

>'• 

:»^ 


i^fkgjreai 


Siiic* 


^  9,5116419  9,975*7<*« 


I 

31 

4 


9,5130086 

9i5«357f« 
^,5 1374 10 

9,5141467 

9,5i447"af 


9 

J4 
16 

i-B 
*?? 

2C 
Zl 

22 

Z 

25 
26 

2« 

2J^ 

3* 


Sine' Coo. 


9,9756265 
9»975S83o 
•7*9755394 
9>97549J7 
9»97j45^i 


Tiog^at/ 


9i5r3<597»« 
9»537i9«« 

f9»53779^» 
9,5382017 

9,5386110 


»  9,5 148371  9jy7?4Q^3 

r$^;5i52Qi7 

B  9,^155660 

9>f '599^00 
9,5162936 

9,5166569 

9,5170198 

9,5173824 

9>St77447 
9,5181066 

9,5184682 

9,5188295 

9,5191904 

9,5195510 

9,5199112 

9i5ZQ27fI 


9,5 2o<?3*'^  9,9747031 


^^209899 

9,51134^ 
(^,5217074 

9,52206:6 


•k   -s 


i>,5 12423  s 

^,5227811 

f»349J3 


t 


!£  Sine  Com- 


9>9753^4<5 
9,9753208 
9,9752769 

9t975233o 
9.975»^J 
9i975»4'5t 
9,9751011 

9»975Q57o 
9,9750129 

9.9749688 

9,9749246 

9,9748804 

9,97483^^1 
9,97479^8 
9,9747475 


'10,4630281 
10,4626179 
10,4622080 

io,4<^i7983 
10,4613890 


9,5390200  10,4609800 


9,5422813 
9,5426877 

9»5430937 

9i5434994 

9,543904^ 
9,5443100 


Taoi.'  Comp. 


!■  ■ 


10,4605713' 
1^,4601629 

io»45$^547 

io»4S934<%> 
10,4589394 

io>45^5322 


915394287 

9*539837^ 
9,54<^245y 

9»54o653« 
9,5410606 

9,5414678 
9i54»B747f  10,4581 253 


^,4577*87 
10,45731235 


60 

59 
58 
57 
5« 

55 

54 

53 

52 

5» 

50 

49 
48 

47 

I  46 


10,4569063 
10,45^55006 
a  0,456095  2 
10,4556900 


9,974^587 
9,9746.142 

99745252 
9^9744806 

9.9744359 

9*97439*3 
9,97434^6 


■~  - 


Sine. 


9»54^33»2 

9*5467346 

9>547»377 
9>547J405 

9,547943^ 
9,548345^ 


915447^48-  10,4552852 
9>545«i93  •io>4S488o7 
9>545523<^'ro,45447<54 

9,5459276  10,4540724 


10,4536688 
10,^531^654 
10,4528^23 
vio,4524595 
10,4520570 
i>,45 16548 


9,54$Tf487 


4J. 
44^ 
47 
142 
4i 

4Q 

39  : 
38' 
37 

35 

32  : 


9>S4874?<"i<^.4J«2Si9 


10,45085 1 3 


w^*- 


,^Ki 


Tan.  Com.     TangeiK. 


•^o  Begfcts. 


3« 


J 


J, 


I 


i 


19  Dcgr098. 


Sroe. 


le.  ,  VjSmcCJoni.  j  Xjudgenu 


,  . .  ,  -  a»V7434<56 
(9,f  238518,9,9743018 
,5242081  9.9742570 
,  5 245640,  9,9742122 
9,5249195  9,9741673 


.36 

-37 
,38 

539 
.40 
,41 
•-42 

.43 

v44 

-45 

.46 

47 
r48 

■49 
.50 
.51 

53 
54 
•55 

57 
.58 

5i? 
60 

1"      — 


,30 19.5  2349^3 
.31 

•.32 
'33 

.34 
•35 


i 


I 


9.5252749 
9,5256298 

9,5259844 

9»5263387 

9,5266927 

9,52704<'3 

9.5273997 
9.5277526 
9,5281053 

9.5284577 
9,5288097 

9,5291614 

9,5295128 

^,5398638 

9,53Q2i46 

9>S3oS'55o 

9153091.5 » 
9^5312649 

9^31*5,143 

9.S3i9<535 
9.5"323>22 

9,5326668 

9.5^3'009o' 
9.S333S'^9 
9,.5337044 
9.5340J17 


9.9741224 

9.9740774 

9.9740324 

9.9739873 
9i9739422 

9.973897^ 

9.97385 '9 
9,9738067, 

9.9737<Si5 
9.97371  <52 

9.973*5709 


9.549  H?7. 


9>5499S  » I 


■  1 . 

jTao.,  Comp.;   • 


»«.4SP8li3 


9.549S500'  <«>4S0450o 


9.S5<»3549o'0»449<548i 


9.5507523 
9,5  i"  5^5 
9.5515524 
9.55  »95  2^ 
9.5523514  J 
9.55*7504 
9.553  H92 
9.5535477 


10,4500489 


9t973<5255  9.5555359 


9i9735Soi 
9»973S34^ 
9*9734891 
9^9734435 
9t97339«o 
9.9733523 

9>9733<?67 
9.9732610 

9.9732i52 

9*9731694 
9>£>73 1.236 

9f973P777 
S>;97S03i8 


iOi449a477 
10,44^8475 

10^484476 

1 0,4480479 

10,4476486 

10,4472496 

r  0,44685  08 

10,4464523 


91^7,^^5.8  9»5<i'^^>SA 


9f5S39459  10,4460541 
9.5543438  10,4456562 

9.5547415  10,4452585 
9^555^388  1 0,44486  u 

19.4444641 
io,444o<fc73 

10,4436708 

iQf4432745 
10,4428786 

10,4424829 

10,4420875 

10,44169123 

.10,4412975 

10,4409029 

1 0,4405086 

10,4401146 

10*4397208 

10,4393273 
10,4389341 


9.5559327 
9.5.56321^2 

9f5'56724S 
9.557^21^ 

9.5J75.17.1 
r9.5i;7»W 

9.5583P5[7 
9.558^7025 

9.559Pii7? 
9.5594914 
9.5598854 
9,56o27Jp2 
({,5606727 


••■•Jhi 


Tan.  Com. 


Tangent. 


7P  Degreesi^ 


a* 

28 

27 

34 
23 

22 
21 
20 

19 

18 
17 
^6 

^5 
14 

n 
12. 

iO 

9 
8 

7 

4 

3 

2 


6* 


M  tkgrtti. 


■n*-^ 


t 


3 

4 

5 
6 

7 

8 

9 

0 
X 

it 

3 

14 
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6 

1 
t 

ao 
at 

84 
as 

a? 
as 

«9 

90 


9 
9 
9 
9 
9 
9 
9 
9 

9 

9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


J340f  «7 
53439W 

34745* 
35<»9«y 
354375 
3578 J* 

3'54737 
3^184 

37ii<a9 

37 SO?" 
378508 

3«'943 

385375 
388804 

39aa3o 

395<553 

399»73 
403489 

405903 
4093*4 
4t!a7ar 

419537 


496331 

4*97 '3 

433I03 
436489 

439873 
443*53 


•JSioe  Com. 


Tangent.  iTsn.  Comp. 


^,97398;8 

9.97*9398 
9,9728938 

9,9738477 

9197380 16 

9.97*7554 
9,9737093 

9,9730639 

9,9736166 

9»97*5703l 
9»97*S*39 

9  97*4775 
9,9734310 

9.97*3845 
9.97*3380 

9,9733914 
9,9733448 


9»97*»5'4 
9,9731047 

JW*0579 
9,97301 10 

9,971964a 
9,9719173 


433936 11^718703 


i>.97««*33 
9.97 » 77^* 
9,9717391 

9,9716830 
9,971634* 
9,9715876 

I     Sine. 


9,5610659 

9,56i4j«f 
9,5618115 

9.5<**4J9 
9,5636360 

9,5630378) 

9.S<*34»94 
9,5638107 

9,5643018 

9,56459*5 
9.5*^983 » 
9.S<*53733 
9.5<557<^33 
9.5*»53o 
9,5665434 

9*56693 16 
9,5673305 


9,9731981  9,5677091 


9,5680975 
9,5684856 

9.5<J88735 
9,51^611 
9,5^484 
9.5700355 

9»S704»*3 
9,5708088 

9.57*  W» 
9,5715811 

9,^719669 
^7*35*4, 


ro.4389341  60 
0,43854* »  S9 
0,4381485  58 

0,43775^*  i  57 
o.4373<*40  5<S 
0,436973a  55 

0,436580^  54 
0.4361893  53 
0^1357983   53 

0.4354075  5« 
0.4350  «69  50 

0,4346367  49 

0,4343367  48 

0,4338470  47 

Oi433457<i  4< 
0*4330684  45 

0*433*795  44 

o,43a39o^  43 

0*4319035  43 

o*43<5i44  41 
0»43fi365  40 

o.43«7389  39 
o»4303f  »6  3! 

o»4a99««5  37 
«»4*»5777  3« 

o*4*9*9>a  35 
0*4388049  34 

to,42i4389  33 

o,4«fc33>lj* 
o,4a7<S47<n3t 
M«73«a3J  30 


#9  IDirpecs* 


P 

3-0 
S» 

ri 

33 

J4 
35 

36 
37 
J« 
39j 

40 

41 

42 

43 

44 

45 
46 

47 
^8 


Siqe. 

9>5443a53 

9>S44<S63o 

9>54So<^o5 

9.545337^ 

9*54S<574S 
9,54doiio 


20  Degrees 


"rwnf^'j.  'u  jjj."." 


9.97  M93I' 
9.91714457 
9>9'7 13984 
919^713509 
9.97 '3035 


^ — 

TaQp  Coinp< 


9,S(-7IJ»7<5  9*S1^mi  io,4272<^23 
9»97»54<?4  9»S73«^27  ip,426?773 


9,S46<583a  9^97^25,60 
9,5470189  9,971208/4 


^9 

I 

:2 


9*5473542 
$^,5476893. 
9,5480240 

915483585 
9,54865^27 

9,5490266 

9i5493<?P^ 

9«549^935 
9,5500265 

9.550359? 
9,550691(5 


9,9711608 
9,9711132 

9i97'o<^55 
9,9710178 

9,9709701 

9,9709223. 

9,9708744 
9,9708265 

9,9707786 

9,970730^ 
9,9706806 

9?97P^34^ 


9.5510237 

9'>55^3556.9.97«^5^^5 

9,551^8.7^^  919705383 
;3  9,5526184  9*97049^2. 

4  S>i55234K9>97<>44i9^ 
[5  9r55  ^<58or  9,9703937 
;6  9vS5.3oio5  jji,97P3454 
7  9,55334^^  ^1^5792970 
;8  9,5530794  9,9702486 

9  9^5539999  9*91 o?o02 

60  915543292:9,97915^7 


9x5735^74 

905139919 
9,574^7,61 

9^5746601 
9«575P433. 

9»575427^ 
9»5758iP4 
9.57<5i934 
9,57^5761 

9*57^9585 

9.5773407 
9,5777:^26 

9,5781043 
9,5784858 


30 
29 

28 


10,4264926 
10,4261081 
10,4257239 

1^,4253399 
10,4249562 

ip,42457?8 

I  Q,424 1 396 
10,4238066 

io,4?34?39Uo 

JP,42304I5 
10,4226593 

10,4222774 

10,4218957 

10^4215142 


27 

26 

25 

^4 
23 

22. 

21 


;9 
18 

16 


9,5788669}  10,421 1331 

9^5792479 
9,5796286 

9,5800090 

9,58o385>2 

9,5807691 

9,5811488 

9,5815282 

9,5819074 
9^58228.64 
9^582665.1 

9.5^30435 
9.5834217 
9>5^37997 

9.5841774 


15 
14 


•■-» 


Tan.  Gpm. 


10,4207521  13. 

10,4203714  12,: 

10,419.9910  II 

10,4196108  10      \ 

10,419,2309  9 

io,4ij585i2  S. 

10,4184718  7 

1^,4189926  5 

10,4177*3^  5 

io>4i  73349  4 

10,4169565  3^ 

10,416,5783  z- 

10,4^62003}  X, 

10,4158226 


T^ngeot. 


69  Degrees* 


N. 


e 

2 

3 
4 

5 
6 

7 
8 

9 

,o 

I 

2 

3 

:> 
6 

•7 
8 


a  I  Degrees^ 


Sine. 


Sine  Com. 


9 

20 
21 

22 

24 
25 
26 
27 
28 
29 

30 


9»554J^9^ 
9,5546581 

9,5549868 

9.5553'i52 
9*55^56433 

9,55597^1 
9,^5^2987 

9*5566259 

9*5569529 

9>5S72796 
9,5576060 

9*55793^^ 
9.5582579 

9,5585835 
9,5589088 

9.559^338 

9*5595585 
9,5598829 

9,5602071 

9,5605310 

9)5608546 

9,5611779 

9,5615010 

9,5618237 

9,5621462 

9,5624685 

9,5627904 

9,5631 121 

9*56^4335 
9*5637546 

9*5640754 


Tangent- 


I 


9,9701517 
9,9701032 
9,9700547 
9,9700061 

9*9699574 
9,9699087 

9*9698600 

9,96981  r2 

9,9697624 

9,9697136 

9,9696647 

9,9696158 

9,9695668 

9*9695' 77 

9,9694687 

9,9694 1 9(r^ 

9,9693704 
9*96932^2 
9,969272a 
9,9692227 

9*9691734 
9,9691241 
9,9690746 
9,9690252 

9,9689757 
9,9689262 

9,9688760 

9,9688270 

9*9687773 
9,9687276 

9,9686779 


Tan.  Comp. 


Sine  Com. 


9,5841774 

9^5845549 
9*5849321 
9,5853091 

9.585685? 
9,5860624 

9,5864386 

9,5868147 

9,5871904 

9,5875660 

9)5879413 
9*5883163 

9,588691^ 

19,5890657 

9,5^9440 ' 
9,5898142 

9,5901881 

9,5905617 

9^590935* 
9,591308^2 

9,5916812 

9*5920539 
9,5924263 

9*59^7985 
9*5931705 
9^5935423 
9*5939138 
9,5942851 

9*5946561^ 
9,5950269 

9*5953975 


10,4158226  -6a 

10,4154451  59 
10,4150679  58 
10,4146909  57 
10,4143141  55 

10,4139376  SS 
10,4135614  54 

»o,4i3*853  53 

10,4128096  52 

10,4124340  51 

10,4120587  50 

io,4m6837  49 

10^4113088  48- 

10,4109343  47 

10^4105599  46 

10,4101858  4J 

10,4098119  44 

10,4094383  4 J 

10,4090649  42 

10,4086918  4L 

10,4083188  40 

10,4079461  [39- 

10*4075737*38 
10,4072015  37 

10,4068295  36 
10,4064577  3S 
10,4060862  34^ 
10,4057149  33 
10,4053439  32 
10,4049731  3r 
10,4046025  30- 


Sine.     iTan*  Com.  .  Tangenu 


68  Degrees. 


.a. 


a 

34 

35 
36 

37 
38 
■39 

41 
4a 

43 
44 

45 

46 

47 
48 

49 

50 

5' 

S-a 
S3 
54 

55 
5-6 

57 
58 
59 


ii  Degreed 
Sine.     iSin^  Com. ,  Tatkgent 


» 


9,5640754 

9,5647163 
9,5650363 

9»S^S3S^* 
91S656756 

9>5  ^59948 

9>S^«3i37 
9,5666324 
9,566950^ 
9,5672689 
9,5675868 
9,5679044 
9,56822x7 
9^5685387 
9.S<^88555 
9,5691721 
9,5694883 
9,5698043 
9,5701200 

9*5704355 
9,5707506 

9,5710656 

9,57^3802 

9,571^946 
9,5720087 
9,5723226 

9,5726362 

9i5729495 
9*5732^2^ 


9,0686779 
9,9686281 
9.9(585783 
9,9685284 
9,9684785 
9,96^4286 
9,9683786 
9,9683285 
9,9682784 
9,9682283 
9,9681781 
9,9681279 
9,9680777 
9,9680274 

9.9^79771 
9,9679267 

9*9678763 
9,9678258 

9»9<^77753 
9,9677247 
9,9676741 
9,967623s 
9,9<J75728 
9,967522  r 

9.9<5747«3 
9,9674205. 

9,9673697 

9,9673188 

9^672679 

9,9672169 


Tan.Comp. 


•m^ 


Sine  Coio« 


9>573S7S4  9»9<^»^59 


Sine. 


9.5953975 

9i5957^79 
^,5961380 

9*59^5079 
9,5968776 

9»597^47o 
9,5976162 

9.5979855 

915983540 
9>5987525 

9/5990908 

9.59945^8 

9,5998267 

9,6001943 

9,6005617 

9,6009289 

0,6012958 

9,6016625 

9,6020290 

9,6023953* 

9,6027613 

9,6031271 

9,6034927 

9,6033581. 

9,6042233 

9,6045882 

9,6049529 

9.^053174 

9,6056817 

9,6060457 
9,60^64096 

Tan.  Com. 


10,4046025 
10,4042321 
10,4038620 
10,4034921 


30 

28 
27 


10,4031224126 

10,4027530 

10,4023838 

10,4020:48 

10,4016460 

10,4012775 

10,4009092 

10,4005412 

10,4001733 

10,3998057 

10,39943^3 
10,3990711 

10,3987042 

10,3983375 
10,39797^0 

10,3976047 

10,3972387 

10,3968729 

10,3965073 

10,3961419 

10,3957767 
10,3954118 

10,3950471 
-10,3946826 

10,3943183 

10,3939543 
10,3935904 


■*»•' 


Tangent. 


68l}egr<eg« 


25 

2k 

23 

22 

24 

ao 
19 
i« 

17 
16 

ys 
14 
13 

12 

Irl 
10 

9 
S 

7 

5 

4 

3 
2 
I 

a 

IS 


^ 

V 


nSkg^ist 


Sine.     iSine  Com. 


■^» 


■w 


9»573I7|4 

aj  9,574^003 
3  9;574Sn3 

4  gb J 74*240 

S  9»5T5^3j6 
<J  9>f7S4468 

9,S7<^i5 
9»S  763790 
915766892 

9*J7^999i 
{^»5773oW 

9i57?6i83 

915779275 
9f  $7823^4 

9,5785450 

9f51^S3S 
9,5791616 

9*5794695 
9>5797772 
9,5800845 

9^5803917 
9,58069^6 
[9^5610052 
9>58i3i'6 
9,5816^177 
9,5:819236 
9,5822292 

9,5825545 
9,5«28j97 


.7 

10 

II 

»3 

^4 

16 

J? 
iS 

*9 

20 

.a2 

*3 

■^4 

as 
.a6 

a? 

.a9 
90 


.  Sine  Cam. 


9*0671659 

91967*148 
9,9^70637 

9196701*5 
9,96696 14 
9,9669101 
91966^588 
9,9668075 
4^19667562 

9*961^04* 
9,9666533 

9,9666018 

9,9665503 

9,9664986 

9,966447 1 

9,9663954 

9*9663437 
9,966^920 

9,9662402 

9,5)661884 

9,9661365 

9,9660846 

9,9660326 

9,9659806 

9*9659285 

9^965^764 

9)9658243 

9f9<^S772i 
9*9657199 

'9^9656677 

9,9656153 


Tangent*  Tan.  Comp. 

9)6064096 
9,606773^ 
9,6071366 
9,6074997 
916078627 
916082254 

9,60831180 
9,60^9503 

9,6093124 
9,6096742 
9i6 1003 59 
9i6 103973 
9^^107586 
9,6111196 
916114804 
9,6118409 
9,6122013 
9,6125615 
9,6129214 
9,6132812 


^o*3935904J6« 
io,393t26a  59 
10,3928634  58 
10,3925003  57 

^0,3921373  56 
*c>>39*7746]sj 
10,3914120' 54 
10,3910497  53 
^0,3906876  53 
10,3903258  5^ 
^0,3899641  50 
10,38960^7  49 
10,3892414  48 
10,3888804  471 
^0,3885196146 


9,6140000 

9>6M359» 
9^6147180 


10,3881591 
10^8779^7 
10,387438^ 
-10,3870786 
10,3867 1  &8 


9>6i  54351 

9»6i57934 
9,6161514 

9,6165093 

^y6i6S669 

9'><5i  72243 


4* 
44 

43 

4» 

-      .         4» 

9,6 136407  [10,3863593^40 

39 

l3« 
37 
3« 

135 

34 
53 

3» 
3^ 


10,386000c 
10,3856409 
^0,3^852820 


9,6150766  10,3849234 


10^3845649 
10,3842066 
io,383&486 
'^  0,383490  7 

^0,383 1531 
.10,3827757 


Sme.     iTan.'Gooi.     Tangent*  Ija 
67  Degreci. 


^7 
38 
39 
40 

■41 

42 

^3 

44 

45 
46 

47 
.48 

49i 

no 

"•52 

S3 
54 

55 
56 
57 
58 

59 
45o 


»  l>qgfee35 


Side. 


9,5828397 

9>5«3i44S 
9.5^3  449  » 
9>S»3753S 


3^ 
33 

35  9»S«43^i5 

3^9»5*4^^5Jt 
9,584968$ 

9,5852716 

9*5855945 
9*5858771 

9>5S<^»79S 
9,5864816 

9,5867835 

9,5873865 
9,5876876 

9,5879885 
9,588289^ 
9,5885896 

9,5888897 
9)5891897 
9>  5894893 
9,5897888 
9,5900880 


Siae  Com. 


9,9654153 

9f96SS63o 

9,965  5^06 

9*965458  2l9>^  1 8J1953 


Taa^Qt;  (Tan.  Cdftp. 


9,6172243 

9,«I7S8<S 
9>^«793»5 


I 


^*S&40J7^9t9^54057 

9*9653532 
9)9652006 

9^9651480 

9^9^5^953 
9,9651426 

9^9650899 

9*965037 » 

9^9649843 

9*9649314 
9,9648785 

9i9648256 

9,9647726 

9J9647195 

9,9646665 

9^9646133 
9,9645602 
9,9645069 
*;,9644537 

9*9644004 

9*9643470 


19,59038699,9642937 
9,5906856  9^9642402 


'9,5909841 
9,5912^23- 

19*5915803 

19,5918780 

« 

Sine  Com. 


9,9641868 

9*9^41332 
9,9640797 

9,964026 1 


9,6186519 
9,6190083 

9*6'93645 
9,6197105 

9,6200762 

9,6204318 

9,6207872 

9,6211423 

9*6214973 
9,6218520 

9,6222066 

9,6225609 

9,6229150 

9,6232690 

9,6236227 

9,6239763 

9,6243296 

9,6246827 

9,6250356 

9,6253884 
9,6257409 
9,6260932 
9,6264454 
9,6267973 
9,6271491 
9,6275006 
9^6:^78519 


Sine. 


Tao.  Com. 


Of3?n7S7 

0^138*4x8^ 
0,3820615 

tf,  38 17047 
013813481 
0,3809917 
0113806355 
0,3802795 

0*3  799238 
OJ3795682 
0,3792128 

0,3788577 

0,3785027 
0,3781480 

0,3777934 

0,3774391^ 
0,3770850 

Q53767310 

0,3763773 
0,3760237 

0,3756704 

O13753173 
0,5749644 

9,3746116 

0,374259^ 
0*3739068 

0,3735546 
0,3731027 
0,3728509 

0*3724994 
0r372i48i 


Tangent. 


# 


^  De^jKes. 


mmmim-mm^mmi 


3» 
*7 

26 

24 
23 

2t 
21 
20 

18 

16 

15 
14 

13 
12 

tl 

I® 

9 

8 

I 

7 
6 

S 
4 
J 

2 
O 


o 
I 

3 
•4 

5 

7 
8 

9 

fo 

I 

2 

3 

^4 

S 

6 

7 
8 


Sine. 


^9 
2o 

21 
^3 

^4 

26 

^7 

2? 
29 

3^f 


9,5918780 

9t59a»75S 
9.5924728 

9,5927698 

9,5930666 

9093363 » 
9i593<^594 
9*5939555 
915942513 
9i59454^9 
9,5948422 

9f595i373 
9*5954322 
9,5957268 

9,5960212 

9>59^3i54 
9,5966093 

9,5969030 

9»597i9^5 
915974897 
915977827 


2:3  D^rees* 
^e  Com.    Taogent 


9»5983<579 
9,5986602 

9*5989523 

9*5992441 

9,5995357 
9,599827:; 

9,6001 181 

9,600409^ 

9,600699 ; 


'Sioc  Com. 


9,9640261 

9*9639724 
9*9639187 

9,963^650 

9,9638112 

9*9637574 
9,9637036 

9,9636496 

9*9635957 

9.9635417 
9,9634877 

9*9634336 

9*9633795 

9*9633253 
9,9632711 

9,9632168 

9,9631625 

9,9631082 

9*9630538 

9,9629994 

9,9629449 


9,5980754  ^,9628904 


9,9628358 
9,9627812 
9.9627266 
9,96267 1 9 
9,9626172 
9,9625624 
9,9625076 
9,9624527 
9,9/^,23978 


Siae. 


9,6278519 
9,6282031 
9,6285540 
9,6289048 
9,6292553 
9,6296057 
9,6299558 
9,6303058 
9,6306556 
9,6310052 

9*6313545 

9*63^7037 
9,6320527 

9,6324015 
9,6327501 

9*6330985 
9*6334468 

9,6337948 
9,6341426 
9,6344903 
9,6348378 
9,6351850 

9,6355321 
9,6358790 
9,6362257 
9,6365722 
9,6369185 
9,6372646 
9,6376106 

9,6379563 
9,6383019 


Tan*  Comp. 


0,3721481  60 
0,3717969  59 

0,3714460  58 

0*3710952  57 
0,3707447  56 

0*3703943  SS 

0,3700442 .54 
0,3696942  53 

0,3693444  52 
0,3689948  51 

0,3686455  50 

©,3682963  49 

0*3679473  48 

0*3675985  47 

0,3672499  4<S . 
0,3669015  45 

0*3665532  44 
0,3662052  43' 

0*3658574  42^ 

0*3655097  4t* 
0,3651622  40 

0,3648150  39 

0,3644679  38 

0,3641210  37 

0*3637743  36 

o,a634278  35 

0,3630815  34 

0,3^27354  33 
0,3623894  J2 
0,3620437  31 
0,3616981  30 


Tan.  Com.  I    Tangent. 


"■•— «.i*»i 


^6  Degrees. 


.C3 


a 


30 

3^ 
33 
34 

37 
38 
39 
40 
41 
4? 

43 

44 

45 
46 

47 
.4B 

49 

50 

y2 

S3 

54 

55 
56 

57 

5« 

59 
6c 


13  Degrees* 


Sifte.     iSine  Com. 


9,6006997 
9,6009901 
9,6012803 
9><5oi5793 
9,6oiB6oo 

9,6021495 
9,6024388 

9,6027278 

9,6030166 

9,6033052 

9,6035936 

9,6038817 

9,6041696 

9,6044573 

9,6047448 
9,6050320 

9,6053190 
9,6056057 
9,6058923 
9,6061786 
9,^064647 
9,6067506 
9,6070362 
9,6073216 
9,6076068 
9,6078918 
9,608 1 765 
916084611 

9,6087454 
9,6090294 

91^^93  ^33 


>*•. 


9»96235>78 
9,9623428 

9,9622878 

9,9622328 

9,9621777 

9,9621226 

9,9620674 

999620122 

9,9619569 

9,9619016 

9,9618463 

9,9617909 

959<5r7355 
9,96  r6  800 

9,9616245 

9,9615689 

919615133 
9,9614576 

9,9614020 

9,9613462 

9,9612904 

9,9612346 

9,9611787 

9,9611228 

9,9610668 

9,9610108 

9,9609548 

9,9608987 

9,9608426 

9,9607864 

9,9607302 


Sine  Com. 


Sine. 


Tangent. 

9,6383019 
9,6386473 
9,6389925 

9>6393375 
9,6396823 

9,6400269 
9,6403714 

9,6407156 
9,6410597 
9,6414036 
9,6417473 
9,6420908 
9,6424342 

9,6427773 
9,6431203 

9,6434631 
9,6438057 
9,6441481 
9,6444903 
9,6448324 

9>645i743 
9,6455160 

9*6458575 
9,6461988 

9,6465400 

9,6468810 

9,6472217 

9,6475624 
9,6479028 

9,6482431 
916485831 


Tan.  Comp. 


0,3616981 

0*36135^7 
0,3610075 

0,3606625 

0,3603177 

0,3599731 
0,3596286 

0,3592844 

0,3589403 

0,3585964 

0,3582527 

0.3579092 

0,3575658 
0,3572227 
0,3568797 

0,3565369 

0,3561943 

0,3558519 

0,3555097 
0,3551676 

0,354825.7 

0,3544840 

0,3541425 
0,3538012 
0,3534600 

0,3531^90 

0,3527783 
0,3524376 
0,3520972 

^^35^7569 
0,3514169 


Tafn.  Com.l  Tangent. 


66  Degrees. 


30 

29.. 
28 
[27 
26 

25 
24. 

23 
22 

21 

20 

9 

8 

7 
6 

'S- 

14. 

3- 

I 

;o. 

9. 

8 

7 
6 

5 

4- 

3 

2' 

I 

O 

• 
a. 


o 
1 

3 
4 

5 
6 

7 
8 

9 

o 

t 

3 

14 

5 
[6 

t.8 

»9 

Zo 

21 
22 

^3 

24 

25 
26 

27 

28 

29 

SO 


jSinj:. 


a4  0^gretg; 
Siqe  CoQsi.  ( T^aogept 


9»^Py3J33}9»9<5o73o2 
9,6c959(J9. 9,9606739 
9»6o988q3  9,9606^76 
01625  9,9605612 

044P5  9>9^®S04B 
07293  9,9694484 

loi  18  9,9^3919 
I 2941  9.9603354 

^57^21  9,9602788 

1858Q  9,9602222 

^1397  9*9601655 
242  n  9,9601088 
27023  9,9600520 

29833  9,9599952 
32641  9,9599384 

35446  9>95988i5 
38250  9,9598246 

4'05i  9,9597676 

43S50  9>9597i^<^ 
4664719,9596535 


9,6 
9,6 
9,6 
9,6 

9i6 

9»6 
9^6 
9,6 
9,6 
gs6 
9,6 
9,6 
9,6 

9*6 
9,6 

9,6 

9,6 

9.>6 
9,6 
9j6 
9»6 
gy6 
9,6 
9,6 
9,6 
9,6 

9,/J 
9»6 


49441 

52234 
55024 
578?2 
60599 
63385* 
66164 
68944 
71741 

74496 
77270 


9*9595964 

9>9595393 
9,9594821 

9>9594248 

9*9593675 
9*9593  >  02 


9,6485831 
9,6489230 

9,6492628 

9,6496023 

9*6499417 
9,6502809 

9,6506199 

9*6599587 
9,651.2974 
9,6516359 

9,6519742 
9,6523123 
9,6526503 
9,6529881 

9*6533257 
9,6536631 

9,6540004 

9*6543375 
9.6546744 

9,6550112 

9*6553477 
9,6556841 

9,6560204 
9,65635154 

9,6566923 
9,6570280 


Sine  Com. 


9,959252819,6573636 
9,6576989 
9,6580341. 
9,6583692 
9,6587041 


919591954 

9,959^3^0 
9^9590805 

9,9590229 


Sine* 


Tao.  Coipp. 

10,3514169 
10,3510770 

io,3SC>7372 

i<^»3S03977 
10,3500553 

10,3497 « 9* 

io,3493^c»» 
10,3490413 

10,3487026 

10,3483641 

10,3480258 

10,3476877 

10*3473497 
10,3470119 

10,3466743 

10,3463369 

10,3459996 
10,3456625 

19,3453256 
10,3449888/ 

10,3446523 

1 0,3443 '59 

10,3439796 
10,3436436 

10,3433077 
10,3429720 

50,3426364 

10,3423011 

10,3419659 

10,3416308 

10,3412959 


6q 
59- 

sar 

57 

ss 

54 
5J 

5« 
51 
50 

4^ 

4T 

4^ 

45 

44 

43. 

4a 

4« 

4? 

39 

38 

37 

3« 

3S- 

34 

33 

3? 

3? 

30 


oHfm 


Tan,  Com.  I    Tangent. 


65  Degrees^ 


9 

• 


30 

3' 
32 
33 

34 

35 
36 

37 
38 

39 
40 

4' 
42 

43 
44 

45 
46 

47 
48 
49 

50 


Sine. 


9,6177270 
9,61 8004^ 


24  Degrees. 

^  ■ 

SineCom.     Tangent. 


9,9590229. 

9,618280919,9589077 
9,95885oor 

9,95»79«3 
9^95^7345 


9^(^185576 
9,6188341 
9,6191103 

9,6193864  9,9586767 

'     '^      9,9586188 

9,9585609 


9,6196622, 

9,6199378' 

9,6202132 

9,6204884 

9,6207634 

9,6210382 

91621 3 127 

9,6215871 

9,6218612 

9/5221351 

9,6224088 

9,6226824 

9,6229557 


9,6^87041 
9,6590387 

9»<5593733 
9,6597076 

9,66004 1 8 

9,6603758 

9,6607097 

9,6610434 

9,6613769 


9,9585030  9,0617103 
9>95^445o|9»^20434 


9,9583869 
9,9583288- 
9,9582707 
9>9582i25 

9*958 '543 
9,9580961 

9»S«8o37S 

9>9i 79794 
9,9579210 


SI 
52 
53 

54 

55 
56 

57 
58| 

59 
60 


9,6232287  9,9578626 
9,6235016 

9*^237743 
9,6240468 

9,6243190 

9,6245911 

9,6248629 

9,6251346 

9,6254060 

^•6256772 

9,6259483 


9,9578041 

9.9577456 
9,9576870 

9,9576284 

919575^97 

9,9575^1^ 
9>9574522r 

9»95  73934 
9*95  73M^ 


9,6623765 
9,6627093 
9^6630420 

9»<5633745 
9,6637069 

9,6640394 

91^^43  7 1'* 
9,6647030 

9,6^50346 

9»6^53^62 

9,6656975 

9,6660288 

9,6663598- 

9,6666907 

9,6670214 

9><^^735r9 
9,6676823 
9,66801 26 
9,66834:26 


— ^^ — ^i_ 

Tan*  Comp* 

10*3412959 
10,3409613 

10,3406267 

10,3402924 

1O13399582 
10,3396242 

10,3392903 

10,338956^ 
10,3386231 

10^3382897 

'0,3379566 

10,3376235 

'0,3372907 
10,3369580 

10,3366255 
10,3362931 
10,3359609 


9>957^r7  9*6686725 


Sine  Com.         Sine^ 


Tail.  Com. 


10,3356289 
10,3352970 

10,3349654 
10,3346338 

'0,3343025 

'Oj33397'2 

'0>333^4O2 

10,3333093 
'0*3329786. 

10,3326481.' 

10,33x3177 
10,3319874: 

10,3316574.] 
'0,331327s 


30 
29 
28 
27 
26 

25 

24 
23 

22 
2.1 

20 

I9.> 
18 

'7 
16- 

IS 
13.' 


Tangent. 


65  Pcgrccs^ 


••* 


12 
II 
10 

J? 

8  J 

7 
6 

5 
4- 

3< 
at: 

O  J 


Q/ 


o 
I 

2 

3 
4 

5 
6 

7 
9 

[O 

I 

2 

3 
4 

5 
6 

7 
8 

^9 

2o 

21 

22 

^3 
24 

25 
•26 

27 
28 

29 

30 


25  Degreei* 
Sioe  Com*  |  Taogent. 


^^259483  9.9572757 19>^86725 


9>6262i9i  19,9572168  9,6690023 
9,6264897|9.957i578J9,r>69^3i9 


9,6z67'^oi  ;9j957f^988 
9,627030319,9570397 
9^73003  9,9569^00 
9,6275701  9,9569215 
9,6278397  9,9568^23 


9,6281090 
9,6283782 
9,6286472 
9,6289160 

9,6291845 

9,6294529 
9,6297211 

9,6299890 

9,6302568 


9,9568030 
9j9S<^743' 


9,6696613 
9,6699906 
9,6703197 
9,6706486 

7.^7-9774 
9,67 1  3060 

9,671634; 


9,956684419,6719628 

9,9566250 

9,9565656 

9,9565061. 

9,9564466 

9,9563870 


9*9563*274 


Tao.  Comp. 

i^33»3275 
i«),33e9977 

10,3306681 

»^»33^3387 
10,3300094 

10,3296803 

1^132935 '4 
10,3290226 

10,3286940 
10,3283655 
10,3280372 
9,6722910  10,3277090 
9,6726190  10,3273810 
9,6729468  10,3270532 
9»<^7327*5  10,3267255 
9,6736020  io,,326398o 


9»6305243  9»95^2673 
9*63^79 « 7  9>95^2o8i 


9,6300589 

9,6313258 
9,6315926 
9,6318591 

;,63II255 

9,6323916 

91^329^233 
9,6331889 
9t<^^34542 
9^337^94 
9,^339844 


Sine  Com. 


9,95614183 
9,9560886 
9,956028.7 
9,955.9689 
9,9559089 

9,9558490 
9,955789^ 

9^9557.259 
9^556688 
9,9556087 


9.^39=294 
9,6742566 

9,6745836 

9,6749105 

9*6752372 
9,6755638 
9,6758903 
9,6762165 
9,6765426 
9,6768686 


9,6771944  10,32^8056 


9,9555485 
9,9554882 

Sioe. 


9,6775261 
9,6778456 


9,6781709 

9,6784961 
Tan.  Com. 


10,3260706 

10*3257434 
10,3254164 

10,3250895 

10,3247628 

10,3244^62 

10,3241097 

10,3.237835 

10,3234574 

10,^23  ^JM 


10,3224799 
10^3221544 
10,3218291 
io,.32i5039 


60 

59 
5^ 
57 
5^ 
55- 
54 
53 
5^ 
5* 
5^ 

491 

48 

41 
46 

4> 
44. 

43- 

AZ 

m 

4a 

35^ 
38' 
37 
3« 
35 
3+ 
33-. 
3^' 
3» 
30^ 


64  Degrees, 


Tangent.    1  a 


^1 


1;  T>egrces^ 


3^ 
31 

3^ 
33 
34 
35 
3^ 
37 
3-8 

39 
40 

4' 
42 

43 
44 

45 
a6 

47 
43 


Sine. 


5° 
5' 

5J 
54 

55 
56 
57 

59 


9,6339844 
9,6342491 

9>^345i37 
9,6347780 

9,6350422 

9,6353062 

9.<53J5699 

9>635«335 
9,6360969 

9,6363601 

9,6366231 

9,6368859 

9,6371484 

9,6314108 

9>^37<^73^ 

9><537935« 
9,6381969 

9,6384585 
9,6387199 


4?l9>63898i2 
9,6392422 


-o 


9>63950:> 

9»<^397<^37 
9,6400241 

9,6402844 

9,6405445 

9,6408044 

9,6410640 

9/>4»3235^ 
9,6415828 

9,6418420 
Sine  Com. 


Sine  Coo^. 

9,9554882 
■9,9554280 

9>9553P73 
9,9552469 

9>955.i864 
9^955^259 

9>9550^53 
9,9550047 

9>954944i 
9>9548834 
9,9548227 
9,9547619 
9,9547011 
9,9546-»02 

9»9545793 
9,9545184 

9»9544574 

9^95439^^3 

9>9543352 

9»954274V 
9,9542129 

9>954i5Tf7 
9,-9540904 

9,9540291 

9^9539677 
9>9539o63 

9)9538448 

919537833 
9,9537218 

9,9536602 
Sine. 


Tangent. 

9,6784961 
9,6788211 
9,6791460 
9,6794708 

9>6797953 
9,6801  i^S 

9,6804440 

9,6807682 

9,6810921 

9,6814160 

9,6817396 

9,6820632 

9,6823855 

9,6827098 

9,6830328 

91^58335:7 
9,6836765 
9,68400 1 1 
9,6843236 
9,6846459 
9,6849681 
9,6852901 
-9,6856:20 
9,6859338 
9,68625^3 
9,6865768 
9,6868981 
9,6872x92 
9,6875402 
9,68786.1 
9,6881818 

Tan.  Com. 


Tan.  Comp. 


16,3215039  3a 
'0,3211789129 


1(^,3208540 
10,3205292 
10,3202047 
10,3198802 

10,3192318 
10,3189079 
10,3185840 
10,318260^4 
10,3179368 
10,3176135 
10,3172902 
10,3169672 
10,3x66443 
10,31632x5 
10,3159989 
10,3156764 

io>3^535'4' 

^^131503^9 
10,3147099 

10,3143880 

10,3140662 

10.3^37447 

i053»34232 
10,3131019 

10,3127808 

10,3124598 

io,3f2X389 

10,3118182 


2U 

27 

2*6 

25 
24 

^3 
22 

21 

20 

x8 

17 
16 

14 
J3 

12 

li 

10 

9 

8 

7 
6 

5 
4 

3 
2 
I 

Co 


■>  ■■■ .■ 


Tangent. 


64  Degrees* 


■■i  ■ 


tJS  Degrees* 


9 

•10 

II 

12 

t4 

IS 

t6 

17 
i8 
tp 
ao 

21 
22 


24 


-26 

^27 


■3P 


I     Sine.      Sloe  Com. 


9,6418420 
r  9,6421009 
9,6423596 
9,6426182 
9,6428765 

9i<^3i347 
9,6433926 

9,6436504 

9,6439080 

9,6441654 
9,6444226 
9,6446796 
9,6449365 

J)>64S449^ 
9,6457058 

9,6459619 

9,6462178 

59,6464735 
9,6467290 

^9,6469844 

9,64723.95 

<?,6474945  .     . 
^3  9MllA9'^  9>95223 


i9,64iJoo38 


91,9536602 

9.9535985 

9»95353<^9 

9,9534751 

9W34I34 

9>9p^S^S 
9^9532-897 

9^9532278 

9»9S3i<5s8 

i9»9S3io38 

9*9530418 

9*9529797 

9*9529 » 75 
9*9528553 

9*9527931 
9*9527308 
9,9526685 

9^9526061 

999525437 
9,9524813 

9,9524188 
9*95235^2 

p*952293^ 
10 


25  M482582 
19,6485 1 24 
9,6487665 

28  9,6490203 

29  19,6492740 
0,6495274 


&QC  Com. 


9*9521683 
9*95  2  >  05  5 
9,9520428 

9*9519799 
9,9519171 

j9,95>854i  . 

j9*95J79J2. 


Sine. 


Tangent. 


9>6885oZ3 
/9>6888227 
9,6891430 
9,68946,31 
9,6697831 
9^6901030 
9,6904226 
9,6907422 
9,6910616 
9,6913809 
9^6917,000 
9,6920189 
.9,6923378 

9*6939750 

9*6932934 
9,6936117 

9,6939298 
9,6942478 

9,6^45656 
9,6948833 
9,6952009 

9*6955183 

9^^95«3^5 
9,6961527 

9,6964697 

9,6967865 

9,6971032 

9,4974198 

.9*6977363 


Tan.  Comp. 

10^31  i8rS2  6( 

rQ>3 1^4977  5! 

»»3-^"773Sl 
0,310857051 

1 0,5105369  si 

0,3 102169  ss 
0^109^91^  if 

0^3095774  5i 

0,3092578  j< 
0,3089384  5r 

0,3086191 5tf 
•,3083000  4) 

0,3079811 4I! 
0,3076622  41 

0,307343s  4* 
0,3070250  45 

0,3067066  44 

0,3063883  « 

0,3060702  4^ 

0,30575224' 

0,3054344  '4^ 
0,30511673? 

0,3047991 3^ 

0,3044817}] 
0,3041645  3^ 

0,3038473  35 
0,3035303  34 
0,303213533 
0,3028968  3* 
0,3025802  31 

0,3022637  )9 


Tan.  Com.  1    Tangpnt 


42  D^gf^es. 


I 


1 


Kl 

f 


.30 
31 

3^ 
33 
34 

351 

3^ 

37 

38 

391 
40 

41 
42 

43 
44 

46 

47 
48 

49 

S° 
S' 

5^ 
53 
S4 
•5.5 
5« 
57 
•58 


9,6495  *74\{>»9S 

9,6497  8of  1 9»95 

9>6S00338i9»9S 
9,65oa868  9,95 

9><S50S395!9.9S 
9,6507920 

9,6510444 


Si 


me. 


%6  Degrees* 

Sine  Com.    Tangent.  Tan.  Cooif 

I    III     II  • '  I L.   '  ' ' 


i 


9^95 
9^95 

9»95 


9,6512966 

9i6ji54^^ 

9,65x8004  9,95 

9,6520521  9,95 

9>fiS23035  9f95 
9.6525548  9»95 
9,6528059 

9»6530568 

9*6533075 

9*653558 J 
9,6538084 
9,6540586 
9,6543086 

9*6545584 
9,654808 1 

916550575 
9,6553068 

9*6555559 
9,6558048 

9,6560536 

9,6563021 

9*6565505 


791a 
7282 
6651 
6020 

5389 

475? 
4124 

3492 
2858 

2224 

1590 

0956 
0320 


59J  9*6567987 
00  9,6570468 

Sine  CoQii 


9,9509685 
9,9509049 
9,9508412 

9^9507775 

9»9507i38 
9,9506500 

9,9505861 

9,9505223 

9*9504583 
9^95^3944 
9^9503303 
9,9502663 

9)9502022 

9,9501380 
9*9500738 
9,9500095 

5*9499452 
9,9498809 

Sine. 


9,6977363 
9,6980520 
9,6983687 
9,6986847 
9,6990006 
9,6993164 
9*6996320 
9,6999474 
9,7002628 
9,7005780 
9,7008930 
9,7012080 
9,7015227 

9,7018374 
9,7021519 
9,7024663 
9,7027805 
9,7030946 
9,7034086 
9,7037225 
9*7040362 

9>  7043497 
9^7046632 

9,704976s 

9,7Q52897 

9,7056027 

9,7059150 

9,7062284 
9,7065410 

9*7068535 
9,7071659 


Tan.  Com. 


0,3022637 

0*30 19474. 
0,301631.3 

o>3^i'3X53 

0,3^09994 
0,3006836 

0,3003680 

0,3000526 

0,2997372 
0,2994220 

0,299107.0 

0,298792^ 

0,2984773 

0,2981626 

0,2978481 

0*2975337 
0,2972195 

0,2969054 

0,2965914 

0,2962775; 

0,2959638 
0,2956503 

0,2953368 

0,295023s 

0,2947103 

0,2943973 
0,2940844 

0,2937716 

0,2934590 
0,2931465 
0,2928341 


Tangent. 


'  .1  »p  '■w  ■ 


63  DegFos. 


3<» 

29 
28 

27 

26 

25 

24 

23 

2a 

21 
20 
19, 
18 

17 
16 

'5 
14 
13 

12 

f 
II 

10 

9 

8 

7 
6 

■5 
4 

3 

a 
1 
o 


Sine. 


I 

3 


8 


9,65704^8 
9,6572946 

9*6575423 
9,6577898 

•4  9*^58037^ 
5  9,6582842 

^9><55853^2 
9,6587780 

9,6590246 

9,6592710 

9><5595i73 
9*6597<^34 
9^6600093 

9,6602530 
9,6605005 

9,6607459 
9,6609911 

9,6612361 

9,6614810 

9,6617257 

9,6619702 

9,6622145 
9,6624586 

9,6627026 

9,6629464 

9,6631900 

9.6634335 

9,6636768 

9,6639199 

9,6641628 

9,6644056 


^3 
^4 
'5 

1 


^9 
20 

2'2 

2^3 
24 

^5 
26 

27 
28 

29 

30 


> 


Sine  Com. 


27  Degrees* 
Sine  Com.  j  Tangent. 


9.9498809 
9,9498165 

9»949752* 
9,9496876 

9,9496230 

9>9495585 
9>9494938 
9>9494292 
9,9493645 

9*949^997 

9*9492349 
9,9491700 

9,9491051 

9,9490402 

9,9489752 

9,9489101 

9,9488450 

919487799 
9,9487147 

9,9486495 

9,9485842 

9,9485189 

919484535 
9,9483881 

9,9483227 

9,9482572 

9,9481916 

9,9481260 

9,9480604 

9*9479947 
9,9479289 


9 

>o 
\9 

\9 

\9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 


t 

T 


071659 
074781 
077902 
081022 
084141 
087258 

7090374 
093488 
09660 I 

^997^3 
02824 

05933 
09041 

12148 

15254 
18358 
21461 

24562 
27662 

30761 

33859 
36956 

40051 

43M5 

46237 

49329 
52419 

55508 

58595 
61682 

64767 


Tan.  Comp. 


^12928341  60 


0,2925219 
0,2922098 
0,2918978 
0,2915859 
0,2912742 
0,2909626 
0,29065 1 2 

o>2903399 
0,2905287 

0,2897176 

0,2894067 

0,2890959 

0,2887852 

0,2884746 

0,2881642 


59 
58 
57 
56 

55 

54 
53 

52 

51 

50 

49 
48 

47 
46 

45 


0,2878539144 

0,2875438 
0*2872338 
0,2869239 

0,1866141 

0,2863044 

0,2859949 
0,2856855 
0,2853763 
0^850671 
0,2847581 

0,2844492 
0,2841405 
0,^838318 
0,2835233 


Sine.      *Tan.  Com.    Tangent. 

_  1 

■62  Degrees. 


43 

42 

4» 

40 

39 

38 
37 
36 

35 
34 

33 
3^ 
3« 
30 

« 


a?  Dcgcccfc. 


30 
31 
32 

33 
34 

35 
36 

37 
38 

39 
49 
41 
42 

43 
44 

45 
46 

47 
48 

49 

50 
J« 
52 
53 

54 

55- 
56 

57 
58 

59 

60 


Sine. 


Sine  Com. 


9,664405  6 '9,9479287 
9,664648219,947863 


9,66489061939477973 

9,665 13  29.9,9477  3  M 
9»%3749  9>94  7^^555 


9,6656168 


9,6658586  9,9475335 


9,6661001 
9,6663415 
9,6665828 
9,6668238 
9,6670647 
9,6673054 
9,6675459 
9,6677863 
9,6680265 
9,6682665 
9,6685064 
9,6687461 
9,6689856 
9,6692252 
^,6694642 
9,6697032 

9,6699420  r 

9,6701807 

9,6704192 


9,6708.95?,, 

5>><^7ri:33? 


Sine  Com. 


9^9475995 


9>94 74674 
9,9474013 

9*9473352 
9,9472689 

9,9472027 
9,9471364 

9>947o7o^ 
9,9470036 

9>94<^9372 
9,9468707 

9,9468042 

9*94673  7<^ 
9,9466710 

9,9466043 

9>94<55376 

9,9464708 

9^9464040 

919463371 

9,5)462702 


9,67065  76.  ,9,5^46x03.2 


,^4^1 3  62 
19460692 


9,67137^16     9,9460021 
9,67  I  ^09^3    .9,9459349 


9,7164767 
9,7167851 

9>7i70933 
9,7174014 

9,7180173 
9*7183251 
9,7186327 
9,7189402 
9,7192476 

9i  7 1 95  5  49 
9,7198620 

9,7201690 

9*7204759 
9,7207827 

9,7210893 

9*7213958 
9,7217022 

9,7220085 

9*7223147 
9,7226207 

9,7229266 

9*7212324 

9*7235381 
9,7238436 

9,7241496 

9*7244543 

9*7247595 
9,7250646 

9*7253^95 
9*725^774 


Sine. 


Tan.  Camp, 


I 


Tan.  Com. 


2835233  30 

2832149  29 

2829067  28 

^825986  27 

2822906  26 

2819827  '25 

2816749  24 

2813^73  23 

2810598  22. 

2807524  21 

2804451  20 

2801380  15^ 

2798310  18 

2795241  17 

2792173  16 

2789107  15 

2786042  14 

2782978  13. 

2779915  12 

277%  3  II. 

2773793  10 

2770734  9 

2767676  •  9 

2764619  y 

2761564  6 

2758510  J 

2755457  4' 

275240.5.  3 

2749354  2 

2746305  ,  t 

2743256  o 


Tangent. 


62  Deg^rees*- 


1 


o 
1 

2 

3 
4 

5 
6 

7 
8 

9 

to 

.11 

*5 
16 

•17 

18 

X9 
so 

21 


2ff  Qegfees. 


9,6716093 
9967 1 8468 
9,6720^41 

9»672S583 

9»^727S>52 
9.6730319 

9,6732684 
9>673S047 

9^737409 
9,6739769 
9>6742'r28 

9,6744485' 
9,6746340 


— ■ ■—- r- 

Sine  Com. 


9»9459349 

9»94S8<^7 
9,945  aoo5 

9i945733^ 
9,9456659 

9^9455985 

9'94S53io 

9>9454<^3<5 
9>94S396o 

9.94S32^»5 
9,9452609 

9>945»93^ 
9»945i255 

9*945^577 


9,6749194  9,9449899 
9,675i;4«|9i944922o 


Tangent.  ITan.-Comp. 


9*^5753896 

9,6756245 
9,67^8592 

9*6J6og'i^ 

9*676328 1 

916765^23 

9,6767963 

?3  9^611^3^2 

24  9,6772640 

25  9>^774975 
2^i9>6777309 

27  916779642 

2^  9,6781972 

29  9,6784301 

JO  916786629 


Sine  Com; 


9*944854  > 
9,9^47862 

9,9447182 

9,944650.* 

9,944582.1 

9>944S'39 

9>9444457 

9»9443775 

9*9443^^ 
9,9442409 

9'944i725 
9,9441041 

9>944035^ 
9>9439^7« 
9*9438985 


9,7256744 

9*725979 «' 
9,7262857' 

9,72658s  I 

9,7268925 

9,727 1967 

9,7275008 

9,7278048 

9,7  28 1 0^7 

9,7284124 

9,728^7161 

9,7290196 

9,7293230 

9,7296263 

9,7299295 

9*7302325 
9*7305354 
9*730^8383 
9,73114^10! 

9*731443^^ 
9,7317460 

9,7320484 
9,7^23506 

9^m^sn 

9*73*9547 
9,73325^ 

9*73355^4, 
9,733«6oi 

j  9,7341616 

I9*7344«5i 
957347^44 


Srnc.      JTan.  Com. 
61  Degrees. 


0,2743256160 

0,2740209 

0,2737163 

0,2734119 

0,2731075 

0,2728033 

0,2724992 

0,2721952 

0,2718913 

0,2715876 

0,2712839 

0,2709804 

0,2706770 

0f2703737 
0,2700705 

0,2697675 

0,2694646 

0,26916/7 

0^2688590 

0,2685564 

0^2682540 
0,26795  i6|jp 
0,2676494 

0,2673473 
0,2670453 

0,2667454  ^ 

o^26644J^{34 

0^a«6i399t33 
o,a<i5»3S4 

[-c,265j3i9 
0,2652356 


Tangent. 


59 


JO 

4» 

4» 

47 
46 

4} 
4i 
43 

4"- 
4f 
44 


3> 
J5 


32 

3« 

30 

» 


3° 
3« 
2^ 

33 
34 
35 
36 

37 
3« 

39 
40 

41 
42' 
43 
44 

45 
46 

47 
48 

49 

50 
51 

52 

53 
54 

SS 

56 

57 

5^ 

59 
60 


afl  Degrees. 


8iae. 

9,67866^9 
9,6788^55 

9,679  f27r; 

9,6793602 

9*6795923 
9,6798243 

9,6800560 

9,6802877 

9,6805191 

9,6807504 

9,68098/6 

9,6812126 

9,6814434 

9,6816741 

9,6819046 

9,6821349 
9,6823651 

9,6825952 

9,6828250 

9,6830548 

9*6832843 

9>6335i37 

9,6837430 

9»683972o 

9,6842010 

9,6844297 

9,6846583 

9,6848568 

9,6851151 

9>68534^2 
9,6855712 

Sine  Com, 


Sloe  Com. 

9,9458965 

9>?438299 
9,9437612 
9*9436925 
9,9436238 

9>9435549 
9*9434861 

9*9434172 

9*9433482 

9*9432792 
9,9432102 

9*943*4 1 » 
9,9430720 

9,9430028 

9*9429335 
9,9428643 

9^9427949 

9*9427255 
9,9426561 

5^*9425866 

9^9425171 

9,9424476 

9*9423779 
9*9423083 

9*9422386 
9,9421688 
9,9420990 
.9^942029 1 
9,9419592 
9,9418893 
9,9418193 


■  ■■■   *  »^i     »    ■■ 

Tangent. 

9*7347644 
9*7350656 

9*7353667 

9*7356677 
9*7359^85 

9*7362693 

9*7365699 
9*7368705 

9*7371709 
9*7374712 

9*7377714 

9*73807*5 
9*73837*4 

9*7386713 
9,7389710 

9*7392707 
9*7395702 
9,7398696 
9,7401689 
9,7404681 
9,7407672 
9,74x0662 
9,7413650 
9,7416638 

>*74 19624 
9,7422609 

9*742^594 
9*7428577 

9*7431559 
9*7434540 

9*7437520 


I    *       IIIiJm 


_| 


Sine.     [Tan.  Com. 


Tan.'  Comp. 


0,2652356 

0,2649344 
0,2646333 

0,2643323 
0,2640315 
0,2637307 
0,2634301 
0,2631295 
0,2628291 
0,2625288 
0,2622286 
0,2619285 
0,2616286 
0,2613287 
0,2610290 
0,2607293 
0,26042^^8 
0,2601304 
0,2598311 
0,2595319 
0,2592328 
0,2589338 
0,2586350 
0,2583362 
0,2580376 

0,257739* 
0,2574406 

0,2571423 

0,2568444 

0,2565460 

0,2562480 


Tangent. 


-r*' 


61   Degrees. 

p. 


30 

28 

23 
22 

21 

20 

9 
6 

7 
6 

■4 

2, 
I 

Q 

9 
8 

7 
6 

S 
4 

3 
2 

t 
o 


5 
6 

7 
8 

9 

to 

I 

2 

3 


^9 
io' 

1\ 

22 
23 


29  DegreeSi 


Sloe. 


0  9*^555712 

1  9,6857991 

2  9,6860267 
9,6862542 
t;,68/S48i6 
9,6867088* 
9,68693<r9 
9,6871628 
9,6873895 
9,6876161 
9,6878425 
9,6880688 
9,6882949 
9,6885209 

4  9,6887467 

5  9»<^889723 

6  9,6891978 

7  9>^^94232 

8  9,6896484 

9,6898734 
9,6900983 
9,6903231 
9,6905476 
^,9,6907721 
24  j  9,6909964 
25 19,691 2205 

26  9,6914445 

27  9,6916683 

28  9,6918919 

29  9,6921  i5f 

30  9)^923388 


Sloe  Cbm. 


Taageat.    rTaa.  Conip. 


9,9418193.9^7437520 

9»94i7492  9»7440499 
9,94.16791  9,7443476 

9,941609019,7446453 


Sine  Com. 


9,9415388 

9,94i4683r 
9,9413982 

919413279 
'9*9412575 

9,9411871 

9,9411166 

9,9410461 

9*9409755 
9,9409048 

9,9408342 

9,9407634 
9,9406927 
9,9406219 
9,9405510 
9,9464801 
9,940409 1 

9>940338i 
9,9402670 

9>94oi959 
9,9401248 

9,9400535 

9,9399823 

9,9399110 

9>9J9«39<5 
9,9397682 

9,9396968 
Sine. 


9,7449428 

9>74524o3 
9*745537^ 

9*7458349 
9,7461320 

9,7464290 

9>74<!^72S9 
9,7470227 

9' 7473 194 
9,7476160 

9,7479125 

9,7482089 

9,7485052 

9,7488013 

9*7490974 

9»7493934 
9,7496892 

.9*7499850 
9,7502806 

9,7505762 

9,7508716 

9,7511669 

9,7514622 

9.7S«7573 
9,752052? 

9*7523472 
9,7526420 

Tan.  Com. 


0,2562480 

0,2559501 

10,2556524 

no*2553547 
0,2550572 

0,2547597 
0,2544624 

0,2541651 

.0,2538680 

0,2535710 
0*2532741 
0*2529773 
0,2526806 
0,-2523840 
0,^2520875 
0,2517911 
0,2514948 
0,2511987 
0,2509026 
0,^^506066 
0,2503108 
0,2500150 

0,2497194 

0,2494238 

0,2491284^ 
0,2488331 
0*2485378 
0,2482427 

f>,2479477 
0,2476528 

0,2473580 

—     i-%t^«— .— ^ 

Tangent. 


— 
6a 


59^' 

56' 

54- 
53- 

SO- 
49 

47 

45 

4ir 
44 
43 

42- 

41 
4a 

38- 

37 
36- 

3S.- 
34 

33" 
32 

3»- 
i9- 


60. Degrees.. 


29  Degrees. 


Sine. 


30 
31 
32 

3? 
34 

35 
36 

37 

38 

39 
40 

41 
42 

■»3 
44 
45 
46 
47 
48 

49 

5° 
5' 

52 
53 
54 
SS 

57 
58 

60 


9,6923388 
9,6925620 
9,6927851 
9,6930080, 

9*693^308 

9><^934S34 
9,693675'8 

9,6938981 

9,6941203 

9*6943423 
9,6945642 

9,6947859 

9,6950074 

9,6952288 

9,6954501 
9,695671^ 

9,6958922 
9,6961 130 

9*<5963336 
9,^965541 

9,6967745 

9,6969947 

9,6972148 

9><^974347 
9,6976545 

9,697874T 

9,69^0936 

9,6983129 

9,69^5321 

9,6987511 

9,6989700 

Sine  Com. 


Sine  Com. 

9,9396968 
9»939^253 

9i939S537 
9*939482 1 

9*9394105 

9*93933^8 

9*9392671 

.9*9391953 
9*9391234 

9*9390515 

9,9389796 

9*9389076 
9,9388356 

9*9387635 
.9,9386914 

,9,9386192 

0,9385470 

9*9384747 
9^93^4024 
9*93^3300 
9*9382576 
9,9381851 
9,9381126 
9*9380400 

9*9379674 

9>9378947 
9,9378220 

9*9377492 
9,9376764 

9,9376035 

9*9375306 


Tangent. 


9,7526420 
9,7529368 

9*7532314 

9.7535259 
9*7538203 

9,7541146 

9,7544088 

9,7547029 

9*7549969 
9»755?9o8 

9*7555846 

9*7558783 
9,7561718 

9*7564653 
9*7567587 

9.7570520 

9*7573452 

9*7576383 

9*7579313 
9,7582242' 

9,7585170 

9,7588096 

9,759,1027 

9*7593947 
9,7596871 

9*7599794' 
9,7602716 

9*7605637 
9,7608557 

9,7611476 
9,7614394 


Tan.  ComP- 


Sine.     ^Tao.  Com. 

I  I ■ m n~ 

60  -Degrees. 


0,2473580 
0,2470632 
©,^467686 

0,246474 » 
0,2461797 

0,2458854 

0*2455.912 

0*2452971 
o,.245oo3i 

0,2447092 

0,2444154 

0,2441217 

0,2438282 

0*2435347 

0,2432413 
0,2429480 

0,2426548 

o,2423<r7 

0,2420689 

o,24i775« 

0,2414830 
0,2411904 
0,2408978 
0,2406053 
0,2403 1 29 
0,2400206 
0,2397284 
0,2394363 

0^^391443 
0,2388524 

0,2385606 


Tangent,  a 


3« 
29 

28 

27 

2<J 

25 
24 

23 
22 
21 

20 

18 

r7 
16 

'S 

13 
It 
II 
10 

9 
8 

7 
6 

5 

4 

3 
2 
I 
o 


a 
2 


V 


5 

o 
I 

2 

3 
4 

:S 
o 

7 
.  9 

10 

li 

12 

13 

IS 

i6 

17 
i8 

21 
An 

23 

24 
2C 

26 

27 

28 

29 

3c 


30  Dpgrees* 


Sine.     .Slue  Coin. 


J 


916989700 
9,5991887 
9,6994073 
9,6996258 
9,6998441 
9,7000622 
9,7002802 
9,7004981 
9,7007158 

9>70O9334 
9,7011508 

9,7013681* 

9,7015852 

9,7018022 
9^7020190 
9,7022357 
9,7024523 
9,7026687 
9,7028849 
9,7031011 
9,-'O33i70 

9*70353^9 
9,7037486 

9,7039641 

9>704i795 

9,7^43947 
9,7046099 

9,704824^ 

9,705^397 

9»70S2543 
9,7054689 


9»9374S77  9*7<^i73" 


Sine.  Co  03. 


9i937S3o<5 


9*9373847 
9^93731 16 

9,93723^5 
9>937i^53 
9>937092i 
(>,9370i€9 

9»93<^94S<^ 
9,9368722 

9,9367988 

9>93^7254 
9,9366519 

939365783 
9>9365o47 

9»93<^43i' 
9>93<53574 
9j93<^2836 

9,9362098 
9,9361360 
9,9360621 

9^9359881 
9,9359141 
9>93S840« 


Tangent. 


Tan.  Cbrnp' 


Ba.<<>l> 


0»76i4394 


9,7620227 
9,7623142 
9,7626056 
9,7628969 

9,7631881 

9*7634792 
9^7637702. 
9,7640612 
9,7643520 

9,7646427 

9*7649334 
9,7652239 

9*7655143 
9,7658047 

9,7660949 

9,7663851 

9,7666751 

9,7669^651 

9,7672550 

9,7675448 

9*7678344 
9,76.8 1 240 


9.9357660:9,7684135 
9»93569i  8 '9*7687029 
9*93561 77 19>7689922 

9*9355434  9,769^814 
9,7695705 


9»93S469i 
9*9353948 


9,7698596 


9*9353204  9*7701485 


Sine.       Tan.  Com. 


0,2385606 
0,2382689 

0*2379773 
0,2^76858 

0*2373944 

0,2371031 

0,2368119 

0,2365208 

0,2362298 

0*2359388 

0,2356480 

o>2353573 

0,2350666 

0,2347761 

0,2344857 

0*2341953 
0*2339051 

<^*233<5'49 

0^2333249 
0*2330349 

0*2327450 

0*2324552^ 
0,2321656 

0,2318760 

O423 15865 

0,231297' 
0,2310078 

0,2307186 

0,2304295 
0,2301404 
0,2298515 


Tangent. 


59  ^^^ 


rces. 


60 

59 
S« 

57 
56 

sy 

54 

53 
52 

S« 

SO 

49 

48 

47 
46 

45 
44 

43 
42 

41 
40 

39 
3« 
37 
36 

35 
34 

33 
3^ 
3^ 
30 

* 

d 


•s 

a 

• 

31 
3^ 
33 

34 

H 
38 

39 

43 
44 

45 
46 

47 
48 

49 
50 
5^ 
52 
53 
54 
55 

57 
58 

59 


3QDegree$» 


Sine.    ,Siae  Com. 


9,70546899,9353204 

9,705^833  9*9352459 

917058975  9*9351715 
9^X061^6  9.935^9^9 


j9* 
9» 


9*70^5394 

9,7067131 
9,7069667 

9,7071801 

9*7073933 
9,5076064 

9,7078194 

9,7080323 

9,7082450 

9*7084575 
9,7086699 

9,7088822 

9,7090943 

9,7093063 

9,7095182 

9,7097299 

9*7099415 
9,7101529 

9,7103642 

9WI05753 
9,7107863 

9,7109972 

9,7112080 


9*9350223 
9»9349477 
9*9348730 

9*9347983 

9*9347235 
9*9346486 

9*9345738 
9*93449^8 

9*9344238 
9*9343488 

919342737 
9,9341986 

9^9341234 
9*9340482 

9*9339729 

9,933897<^ 
9,9338222 

9*93374^7 

9.9336713 

9^9335957 
9.9335201 

,9*9334445 
9.9333088 

9*9332931 


9,7ii4i86[9,9332i73 

9,711629c 

9*7118393 


SiQC  Com. 


,9*9331415 
.9*9330656 


Taogeat. 


9 
9 
9 

9 

o 

9 
9 
9 
9 
9 

9 
9 

9 
9 
9 
9 
9 

9 
9 

9 
9 
9 


701485 

704373 
707261 

710147. 

7»3033 
715917 
718801 

721684 
724566 

727447 
730327 
733206 

736084 
738961 
741838 

744713 
747588 
750462 

753334 
756206 

759077 
761947 

764816 
767685 

770552 

77341^ 
776284 

779149 
782012 

784875! 
7877371 


Tan.  Comp.! 


0,2198515 
092295627 
0,2292739 
0,2289853 
9,2286967 
0,2284083 
0,2281199 
0,2278316 
0,2275434 
10,2272553 
0,2269^73 

0,2266794 
0,2263916 

0,2261039 
0,2258162 
0,2255287 
0,225241a 
0,2249538 
0,2246666 
0,2243794 
0,2240923 
0,2238053 

0,22351^4 
0,2232315 
0,2229448 
0,2226982 
0,2223716 
0,2220891 
0,2217988 
.0,2215125 
0,22x2263 


Sine.       Tan.  Com.     Tangent. 
'59  Degrees. 


3^ 
29 

28 

27 
26 

25 

24 

23 
22 

21 

20 

«9 
18 

17 
16 

15 

'3 
12 

II 
10 

9 
8 

7 
6 

5 
4 

3 

2 
I 


-• 

*  O 
I 

3 
4 

S 
6 

7 
8 

9 

•10 

-II 

12 

M 

^i6 

17 
18 

19 

'20 
*2I 

^2 

as 

^7 

2t8 

29 

.50 


31  D^ees. 


Sme. 


93? 

9i7 
9»7 
9»7 
9*7 
9.7 
9>7 
9»7 
9f7 
9»7 
9>7 
9»7 
9,7 
9.7 
9>7 
9^7 
9>7 
9»7 
f9»7 
9i7 
9i7 
9>7 
9.7 
9>7 
9i7 
9»7 
9/7 
9»7 
9>7 
9>7 
9>7 


1B393 

20495 
22596 
24695 
26792 
28889 

3<^83 
33077 

3Si<^9 

37260 

39349 

4M37 

43524 
45609 

47693 

4977<^ 

S'857 

S3937 
56015 

58092 

60168 

62243 

64316 

66387 

68458 

70526 

72594 
74660 

76725^ 

78789 

80851 


Sine  Com. 

9*933o6s<5 

9*9329897 

9*93291371 
9,9328376 

9*9327616 

9,9326854 

9,9326092 

9*9325330 
9*9324567 
9*9323804 

9»93  23040 
9,9322276 

95932151 I 

9,9320746 

9*9319980 

9,93*9213 
9,9318447 

9,9317679 

9,9316911 

9*9316143 
9*9315374 
9,9314605 

9*93^3835 
9,9313065 

9,9312294 
9*9311522 

9,9310750 

9*9309978 
9*9309205 

9*9308432 
9*9307658 


Tangent. 


»¥»m 


9*7787737 
9*7790599 

9*7793459 
9*7796318 

9*7799177 
9,7802034 
9,7804891 
9*7807747 
9,7810602 

9*7813456 
9,7816309 

9,7819162 
9,7822013 
9*7824864 
9*7827713 
9,7830562 
9*7833410 
9,7836258 
9,7839104 
9,7841949 

9*7844794 
9^7847638 
9,7850481 

9*7853323 
9,7856164 

9,7859004 

9,7861844 

9,7864682 

9,7867520 

9*7870357 
9*7873193 


Sine  Com .       Sine.      Tan.  Com. 

•— " ' — — —     ^ 

{8  Degrees. 


Tan.  Comp. 


0,2212263  60 
0,2209401  jp 
0,2206541  58 
0,2203681 jj 
0,2200823  56 
0,2197966^5 
0,219510954 
0,2192253  53 
0,218939852 
0,2186544  51 
0,2183691 50 
©,2180838  49 
0,217798748 
0,217513647 

0,2172287  46 
0,216943045 

0,2166598  44 
0,216374243 
0,2160896  42 
0,2158051  41 
0,2155206  40 
0,215236239 

0,21495^938 
0,214667737 

0,214383636 

0,214099635. 

0,213815634 

0*213531833 
0,2132480  32 

0,212964331 

0,2126807(30 


Tangent. 


d 


z 


^--^ 


0 

• 

3\ 
3^ 
33 
34 

35 

S6 
37 
38 

39 

40 

41 
42 
43 
44 

45 

46 

47 
48 

49J 
5:0 
5.1 
52 

S3 

54 

55 
56 

57 

5» 

54> 

60 


31  Degrees. 


Sine. 


9i 
9j 
9i 
9. 
9» 
9> 
9. 
9» 


9» 
9> 
9> 
9i 
9> 
9> 
9. 
9> 
9» 
9f 
9i 
9> 
9> 
93 
9> 
9^ 
9i 
9> 
9» 
9» 
9> 
9> 
9> 


80851 
82912 

84971 
87030 

890^6 

91 142 

93196 

95249 

P73P^ 

99350 
201399 

203447 

205493 
207538 

209581 

21 1623 

213664 

215704 
21774Z 
^19779 
221814 
223848 
225881 
227913 

"9943 
231972 

234000 

236026 

'238051 
240075. 

242097 


Sine  Com. 


9>9307<i58 
9,9306883 

9,9306109 

9*9305333 
9*9304557 
9*930378 1 
9,9303004 

9,9302226 
9,9301448 
9,9300670 
9,9299891 
9,9299112 
9*9298332 

9*929755* 
9,9296770 

9,9295989 

9,9295207 

9,9294424 

9*9293^41 

9*929  2  85  7 
9,9292073 

9,9291289 

9,9290504 

9,9289718 

9,9288932 

9,9288145 

9*9287358 
9,9286571 

9*9285783 
9,9284994 

9,9284205 


Sine  Com. 


Taogeott 

9*7873^93 
9,7876028 

9*7878863 

9,7881696 

9,7884529 

9,7887361 

9,7890192 

9,7893023 

9*7895852 
9,7898681 

9^7901508 

9*7904335 
9,7907161 

9,7909987 

9,7912811 

9*79 '5^535 
9,7918458 

9,7921280 

9,7924101 

9,7926921 

9*792974* 
9,7932560 

9*7935378 

9*7938195 
9,7941011 

9*7943827 
9,7946641 

9*7949455 
9*7952268 

9,7955081 
9,7957892 


Sine.       Tan.  Com. 


Tan*  Cbmp 


0,2126807 
0,2123972 
0,2121137 
0,2118304 
0,2115471 
0,2 1 1 2639 
0,2x09808 
0,2106977 
0,2104148 
0,2101319 
0,2098492 
0,2095665 
0,2092839 
0,2090013 
0,2087189 
0,2084365 
0,208x542 
0,2078720 
0,2075899 
0,2073079 
0,2070259 
0,2067440 
0,2064622 
0,2061805 
0,2058989 
0,2056173 
0,2053359 
0,2050545 
0,2047732 
0,2044919 

0>2042I08 


]■ 


Tangent. 


58  Degrees. 


30 
28 

26 

2S 
24 
23 

2Z 
21 
20. 

9- 

8. 

7.x 
6 

>' 

4- 
3. 

I- 

a. 

9 

8. 

7 
6, 

5 

4. 

3 
2, 

I 

..^    ♦ 

*53 


0 


O 
1 

2' 

3 
4 

5 
6 

7 
8 

9 

o 

< 

t 

2 

3 
4 

5 
6 

7 
8 

9 

2Q 
21 
22 

23 
24 

25 
26 

27 
28 

29 

30. 


9,7242097 
9,7244118 
9,7246138 
9,7248156 
9,7250174 
9,7252189 
9,7254204 
9,7256217 
9,7258229 
9,7260240 
9,7262249 
9,7264257 
9,7266264 
9,7268269 
9*7270273 
9,7272276 
9,7274278 
9,7276278 
9,7278277 
9,7280275 
9,7282271 
9,7284267 
9,7286260 
9,7288253 
9,7290244 
9,7292234 
9,7294223 
9,7296211 
9,7298197 
9,7300182 
9,7302165 


32  D^ree$# 
Sine  Com.  1   Tangent.  (Tan.  Compo 


.1 


Sine  Com. 


9,9284205 
9.9283415 
9,9.282625 
9^281834 
9,9281043 
9^9280251 

9»9279459 
9,9278666 

9.9277^73 

9»9277079 
9,9276285 

9,9275490 

9,9274695 

9,9273899 

9,9273103 

9,9272306 

9,9271509 

9,9270711 

9,9269913 

9,9269114 

9,92683 14 

9,9267514 

9,9266714 

9,9265913 

9,9265112 

9,9264310 

9,9263507 

9,9262704 

9,9261901 

9,9261096 

9,^9260292 

Sine.  - 


9»7957892 
9,7960703 

9>79^35i3 
9,7966322 

9,7969130 

91797193^ 
9*7974745 

9i7977SS» 
9,7980356 

9,7983160 

9.7985964 

9,7988767 

9,7991569 

9*7994370 
9>7997»7o 

9*7999970 
9,8002769 

9,8005567 

9,8008365 

9,8011161 

9,8013957 

9,8016752 

9,8019546 

9,8022340 

9,8025133 

9,8027925 

9,8030716 

9*^033506 

9,8036296 

9,8039085 

9,8041873 

Tan.  Com. 


0,2042108 
0,2039297 
0,2036487 
0,2033678 
0,2030870 
0,2028062 
0,2025255 
0,2022449 
0,2019644 
0,2016840 
0,2014036 
0,2011233 
0,2008431 
0,2005630 
0,2002830 
0,2000030 

0,1997231 
0,1994433 

0,199^^35 
0,1988839 

0,1986043 

0,1983248 

0,1980454 

0,1977660 

0,1974867 

0,1972075 

0,1969284 

0,1966494 
0,1963704 
0,1960915 
0,1958127 


«■"  ■  >i 


57  Degrees.' 


Tangent. 

-^T" 


60 

5» 
57 

s<J 

55 
54 

53 

52 

51 

50 

49 
48 

47 
4<5 

45 

44 

43 

42- 

41 
40 

39 
38 

37 

36 

35 

34 

33 
32 

31 
30 

• 

a  . 

2. 


g      

31  9J304148 

32  9»73o^r^9 

33  9»73<^8*^S 

34  y>73«<=>o*7 

35  9i73 12064 

36  9f73M04o 

37  9>73'6<2>'5 

38  9»73J79l'9 

39  9>73i996i 

40  9*73  «« 93  2 

41  9*73^3902 

42  9i732S«7<5 

43  9^7327837 

44  9»732y8c>3 

45  9,733 « 7^ 

46  9>733373i 

47  9>733S<^93 

48  9t7337<^54 

49  9>7339^'4 

50  9*7341572 

51  9*7343529 

52  9*73454«S 
^3  9,7347440 

54  9,7349393 

55  9,7351345 

56  9,735329^ 

57  9*7355246 

58  9*7357^95 
:59  9*7359M2 
60  9,7361088 


Taag^ot. 


Siae  Com. 


919260292  9,8041^73 

9,9259487  '9*8044661 
9,9258681 

9,9257»7S* 
9,9257069 

9,9256261 

9*9255454 
9,9254<^4<5 
9.9253837 
9,9253028 
9,9252218 

9,925x40? 


tm  I  m.m 


9,9250597.  9*8075273 


9,92497  8<^ 
9,9248974 

9,9248161 

9,9247349 

9*9246535 
9,9245721 

9,9244907 
9,9244092 

9.9243277 
9,9242461 

9,924^644 

9,9240827 

9^9240010 

9,9239191 

9,923^373 
9.9237554 

9*923<5734 
9*9235914 


9,^047447 
9,8050233 
9,8p53oi9 
9,8055803 
9,8058587 
9,^061370 
9^8064 1 5iz 
9,8066933 
9,8069714 
9,8072494 


.Taa.i'Cotop. 

■  .1*  ■  i*,^  ■  11 

10,1958127 

10,1955339 
10,1952553 

10,1^49767 

10,1946981 

« 0,1944197 


30 
29 
28 

'27 

\26 

25 


10,19414^3  24 


Sioe  Com. 


04 


fm^ti  f  w 


9,8078052 

9,8080829 
9,8083606 

9^8086383 
9,8089158 
9,8091933 
9,8094707 
9*8097480 
9,8X00253 
9,8103025 
9,8105796 
9,8108566 

9*811X336 
9,8114105 

9,«n6873 
9,811964-1 
9,8122404 
9,8125174 


10,193863c 
10,1935848 
xo,t933o67 
10,1930286 
10,1927506 

io>r924727 

10,1921948 

10,1919171 

10,1916394 

10,1913617 

10,19(0842 

10,1908067^  jz 

10,1905293 

10,1902520 

10,1899747 

10,1896975' 

10,1894204 

fo,i%i434 

1^,1888664 

10,1885-995 

10,1883127 

10,1880359 

io;(iS;77592 

1^,1874826 


«i  fa 


■*— 


Sine.     I^an.  Com. 

f^mmmmmmm^mmm  mm     1       m^— — — IK— it— — 

57  Degrees 


Tangent. 


23 

22 
21 
20 

18 

x7 
t6 

X5 
X4 
13 


11 
10 

9 
« 

7 
6 

5 

4 
3 

2 
I 
O 


3 
^ 


o 
1 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

«3 

14 

»S 
i6 

17 
18 

»9 

21 
22 


33  Dq^rees. 
Sine.      .Sine  Com.}  Tangent. 


9,73610^8  9,9235914 
9,7363032  9,9235093 

9»73<^497^i9*9^34i72 


9»73<^'* 

9,7368859 

9*7370799 

9*737*737 

9*7374^75 
9,7376611 

9*7378546 

9,7380479 
9,738^12 

9*7384343 
9,7386273 

9,7388201 

9,7390129 

9i739^o55 
9*7393980 

9,7395904 

9*7397827 

9*7399748 

9,7401668 

9,7403587. 
9,7405505 

9,7407421 

9*7409337 
9,7411251 

9,7413164 
9,741-5075 

9,7416986 

9,741^895 


9*9*33450 
9,9232628 

9,9231805 

9*9*309** 
9,9230158 

9.9**9334 
9,9228509 

9,9**7684 

9,9226858 

9,9226032 

9,9225205 

9*92*4377 

9*9*23549 
9,9222721 

91922x891 


9,8125174 
9,8127939 
9^8130704 
9,8133468 

9,8136231 
9,8138993 
9,8141755 

9,8i445<<^ 

9»8t47*77t 
9,^150036 

9*8r52795; 

9*8155554 
9,8158311 
9,8161068 
9,8163824 
9,8166580 

9*8169335 
9,8172089- 


9,9220232 
9,9219401 
9,9218570, 

9*9*17738 
9^92^6(^06, 
9,9216073 
9,9215240 
9,9214406 

9*92*357^ 

9,9*«*737 
9,9211902 

9,9211066 


9,9221062  9,8174842 


Sloe  Com.  I     Sine. 


9*8177595 
9,8180347 

9,-8183098 

9,8185849 

5^,8188599 

9,8191348 

9,8194096 

j^,8 196844 

9,8199592 

9^8202338 

9,8205084 

9,8207829 

Tan.  Com 


fan.  Comp. 


0,1874826 
0,1872061 
0,1869296 
0,1866532 
0,1863769 
0,1861007 
0^1858245 

0,^855484 
0,1852723 
0,1849964 
Ot  1^47  305 
0,1844446 
0,1841689 
04I 838932 
0,1836176 
0,1833426 
0,1830665 
0,182791 1 
0,1825158 
0,1822405 
0,1819653 
0,1816902 
0,1814151 
0,1811401 
0,1808652 
0,1805904 
3,1803156 
o,  1 800408 
oil  797662 

0,1794916 
0,1792171 


Tangent. 


f 6  Degrees. 


69 

59 

58 

57 

55 
54 
53 
5^ 
51 
50 

49 
48 

47 

46 

45 

44 

43 

4* 

4^ 
40 

39 

38 
37 
3^ 
35 
34 

33 
3* 
3* 
3^ 


•4 
M 


t 

r 
m 


s* 


33  Degrees* 


i' 


Stoe* 


30  917418895 

31  9»742.o8o3 

32  9,7422710 

33  9^7424^  <5 

34  9*74^<^52o 

35  917428423 

3^  9f 74303V 
37  917432226 
3^  9>7434i26 

39  9.743^oM 

40  9»743792i 

41  9*74398  i  7 
4«  9*74417 12 

43  9fli\4B^o6 

44  9*7445498 

45  9>744739^ 
.46  9,7449280 

47  9,745 1 1  <^9 

48  9*745305^ 

49.  9»7454943 
509^7456828 

51  9>74587«2 

sa  9,7463595 

53  917462477 

54  9^7464358 

55  9*7466237 
^6  9>7468U5 

57  9*74695)9^ 
.5«  9*747^868^ 

59te.:7473743 

^,9»747S6i'7 


Side  Com. 


Sine  Com*. 

9,9211066 
9,921^229 
9,9209393 
9,9208555 
9,9,207717 
9,9^06878 
9,9206039 
9,92055100 
9,9204360 
9*9203519 
9,9202678 
9,9201836 
9,9200994 
9,9200151 
9*919930*8 
9,94  98^464 
9,9197619 

9>9*9^775 
9>9i95929 

9>9i94237 

9*9' 93390 
9,9192542, 

9^191694 

9*9190845 
9,9 1 89996 

9,91^89146 

9,9188296 

9,91-87445 

9,9186594 

9,9185742 
Sine. 


Tangentt  /Tan.  Comp. 


9,820782 

9,8210574 
9,8213317 
9,8216060 
9,821-8803. 

9,8221545 
9,8224286 

9,8227026 

9,8229766 

9.8232505 

91823:5244 
9>«23798i 
9,8240719 
9x8243455, 

9,8246191 
9,82489116 
9,8251660 

9*8254394 
9,8257127 
9,82598^0 

9,8262592 

9,8265323 
9,8268053 

9,8276783 
9>82735«3 
9,8276241 
9,8278969 
9,8281696 
9.8284423 

9,8287149 
9,8289874 


Tan.  Com. 


6,1792171 
0,1789426 
0^17866^3 

0,1783949 
0,1781197 

0,1778455 
o>i7757»4 

0,1772974 
0,1770234 

0,1767495 
0)1764756 
0,1762019 
0,1759^81 

0,1756545 

0,17538^9 
0,1751074 

0,1748340 
0,1745606 
0,1742873 
0,1740140 

0,1737408 

0,1734677 

0,173*947 
0,1729217 

0,1,726487 

0,1.723759 
0,1721031 

0,1718304 

0,1715577 
0,1712851 

0,1710126 


Tangent.     6r 


3^' 
29. 

28  > 

27 

26- 

25 

24 

23^ 

22 

21- 

20^1. 

18^ 

ijr 
.161 

15- 
14: 

13- 

12: 

II 

10-^ 

8 

7 
6 

'5 
4;- 
3 

I 


5^-Dcse 


es*. 


s 

B 


c 

I 

2 

3 
M 

S 
6 

7 
8 

9 

lo 

It 

12 

*S 

17 
]8 

20 
21 

22 

23 
24 

25 
26 

27 

28 

29 

30 


Stpe.      Sine  Coiii.1  Tangent. 


9i747s6*7 
9>747T4«9 
9»74793<5o 
9j  74*1230 

9>7483099 


9,9 
9>9 

9,9 

9,9 
9,9 


9,7484967  9,9 
9,7486833  9^ 
9,7488698  9,9 

9>749<^S^2  9,9 
9,7492425  9,9 
9,7494287  9,9 

9,7496148  9,9 
9,7498007  9,9 

9,7499866  9,9 
9,7501723  9,9 

917503579  9»9 
9*7505434  9»9 
9,7507287  9,9 

9,7509Mo  9>9 

9,75*0991  9,9 
9,7512842  9,9 

9,7514691  9,9 

9,7516538  9,9 
917518385  9,9 

9,7520231  9,9 

9,7522075  9,9 

9>  7  5 239 1 9  9^9 
9,7525761  9^9 
9.7527602  9,9 

9,7529442  9>9 
9,7531280  9,9 


Sine  Com. 


85742 
8489b 

84037 
83183 

82329 

81475 

80620 

79764 

78908 

78051 

77194 
76336 

75478 
74619 

73760 

72900 

72040 

71179 

70317 
69455 

68593 

67730 

66S66 


■ 


9,8289874 
9,8292599 
9,8295323 
9t8298o47 

9,8300769 
9*830349  i 

9,8306213 
9,8308934 
9,8311654 

9>83M374 
9,8317093 

9,8319811 

9^8322529 

9,8525246 
9,8327963 
9,8330679 

9,8333394 
9,8336109 

9,8338823 
9,8341536 

9,8344249 
9,8346961 

9^8349673 

66002:9,8352384 

65i37i9,8355094 
6427219,8357804 

63406,9,836051.3 
62539  958363221 


Tan.  Comp. 


61673 
60805 

59937 


*^^ 


9*8365929 
9,8368636 

9*8371343 


Siae»      Tan.  Com. 
55  I>c§r«e5* 


0,1710126 

0,1707401 

0,1704677: 

0,1701953 

0,169923.1 

0,1696508 

o,i/)93787 

o>i69 1 066 

0,1688346 

0,1685626 

0,1682907 

0,1680189' 

0,1677471 

0,1674754 

0,1672037 

0,1669321 

0,1666606 

0,1663891 

0,1661177 

0,1658464 

0,1655751 

0,1653039 

0,1650327 

0,1647616 

0,1644906 

0,1642196 

0,1639487 

0,1636779 

0,1634071 

.0,163  J  364 

0,162865.7 


Tangent. 


60 

59 

5» 
57 

55 
54 

S3 

52 

51 

50 

49 
48 

47 
46 

45 
44 
43 
42 

4» 
40 

39 

38 
37 

36 

35 
34 
33 

3^ 
3* 


i 


g; 

• 

31 
3a 

33 
34 

35 

36 

37 

3fi 

39 
40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
5^ 
5» 
52 
S3 
54 
55 
56 

57 
58 

59 
60 


34  Degrees. 


Sine.      Sine  Com. 


9,7531280 

9>7533«i^ 

9*7534954 
9,7536790 

9>7538<524 

9f7540457 
9,7542288 

917544119 

9^7545948 

9*7547777 
9,7549604 

9»755M3^ 
917553256 
9,7555080 

9.7558724 
9,7560544 

9*75^^3^4 
9,7564182 

9*7565999 
9,7567815 

9>75^<530 
9.757  M44 

9.7573256 
9,7575068 
9,7576878 
9,7578687 
9,7580495 
9,7582302 
9,7584108 

9*7585913 


9.9 
9>9 
9*9 
19»9 
9»9 
9>9 
9*9 
9>9 
9f9 
9^9 
9>9 
9.9 
9.9 
9i9 
9.9 
9.9 
9>9 
9.9 

9>9 
9.9 
9>9 
9i9 
9>9 
9>9 
9>9 
9>9 
9f9 
9.9 
9.9 
9»9 
9^9 


59937 

59069 

58200 

57330 
56460 

55589 
54718 

53846 

52974 
52101 

51228 
50354 

49479 
48604 

47729 
46852 

45976 

45099 

44221 

43342 

42464 

41584 
40704 

39824 

38943 
38061 

37^79 
36296 

35413 
34530 
33645 


Sloe  Com.       Sme. 


Taogept. 


9.8371343 
9,8374049 

9.8376755 
9*8379460 

9,8382164 
9,8384867 

9*8387571 
9,8390273 

9*8392975 
9,8395676 

9*8398377 
9,8401077 

9*8403776 
9,8406475 
9,8409174 
9,8411871 
9,84x4569 
9,8417265 
9,8419961 
9,8422657 

9.842535 1 
9,8428046 

9*8430739 
9*8433432 
9,8436125 

9,8438817 
9,8441508 

9.8444199 
9,8446889 

918449579 
9,8452268 


T^p.  Com. 


Tan.  ComP* 


o, 

o, 

o, 

0, 

o, 
o, 

o, 
o, 

0, 

o, 
o, 
o, 
o, 
o, 


o, 
o, 
o. 
o. 


628657 

62595 1 

623245 

620540 

617836 

6I5I33 

612429 
609727 
607025 

604324 

601623 

598923 
596x24 

593525 

590826 

588129 

58543* 
582735 

580039 

577343 
574649 

57»954 
569261 
566568 

563875 
561 183 

558492 
555801 

553'!* 
5SOi»2i 

547732 


Taogeot 


iS  Degrees. 


30 

29 
28 

27 

25 

24 

23 
22 

21 

20 

^9 

la 

17 
16 

*5 
14 

13 
12 

n 

10 

9 
8 

7 
6 

5 
4 

'3 
2 

1 

o 

• 
a 


2 

5' 


I 


JjCffCtS* 


o 
I 


Stoc 


9175859^ 
9»75877'7 
9.75^9519 
3  9»759»3^' 

49.7593121 
5  9*7594920 
^  9*759^7 18 

7  9i759«S«5 

8  9176003^  I 

9  9»  7602 106 

10  9,7603899 

11  9,7605692 
1219,7607483 

9,7609274 
9,7611063 
9,7612851 


13 

M 

IS 
16 

17 
1-8 

19 

20 
21 
22 

23 
24 

2S 


Siae  Com. 

919^33^45 
9,9132760 

9.913187s 
9,9130989 

919130102 

9,9129215 

9,9128328 

9,9127440 

9,9129551 

9,9125662 

9,9124772 
9,9123882 

9,9122991 

9,9122099 

9,9121207 

9,9120315 


TaDgeQ& 


Tan.  Comp. 


>'*•> 


9,7614638  9,9119422 


9,7616424 
9,7618208 
9,7619992 
9,7621775 
9>7623556 

9.762S337 
9,7627116 

9,7628894 

9,7630671 

26  9,7632447 

27  9,7634222 

28  9»7.<^35996 

29  9fi^3n^9 

30  9*7639540 


9,9118528 

9>9«^  7^534 
9*9  "67  39 

9,9115844 

9,9114948 

9,9114051 

9r9i«3i55 
9,9112257 

9,9111359 

9,9110460 

9,9109561 

9,9108661 

9,9107761 

9^9106860 


Sine  Com.  '   Sine* 


I- 


9,8452268 

9,8454956 
9,8457644 
9,8460332 
9,8463018 
9,8465705 
9,8468390 

9,8471075 
9,8473760 

9,8476444 
9,8479127 
9,8481810 
9,8484492 
9,8487174 
9,8489855 

9,849253^ 
9,8495216 

9,8497896 

9,8500575 

91850325J 

9,850(^931 

9,8508608 

9,8511285 

9,8-513961 

9,8516637 

9,8519312 

9,852198^7 

9,8524661 

9»8S2T33? 
9,8530008 

9,8532680 


10,1547732 
10,1545044 
10,1542356 

10,1539668 
10,1536982 
10,1534295 
10,1531610 
10,1528925 
10,^1526240 
«o,i5235$6 


.6a 
59- 

ST 
5^ 
SS 
S4 

S3r 

52 
S' 


10,1520873-5^ 
io,i5i8i90  4^ 


10,15^50 


8  48^ 


10,1512826 
10,1510145 
10,1507464 
10,115:04784 
10,1502104 
10,1499425 

10,1496747 
to,  1494069 

10,1491392 

10,1488715 

10,1486039 

10,14833^3 


47 
46^ 

45 
44. 

43 

41- 
40 

39< 
3« 
37 
3^ 


Tan.  Com. 


10,1480688  35 
10,1478013134 

10, 1 475339! 53 
10,1472665  ^^ 
10,1469992 
10,1467320 


3^ 
30 


Tangent. 


■**(^^ 


54, Degrees. 


1 


p] 


Siae. 


SO 
S» 
3« 
33 
-34 

•3S1 

3° 

37 

58, 

39 
40 

41 

4* 

-43. 
44 

45 
46 

47 
48 

49 

'SO 

•5« 
52 
53 
'54 

■S5 
56 

•57 
-58 
59 


35  Degreei.- 
Siae  Com.  I  Taogent. 


i 


9i7<J39S4o 

9>7^4i3iJ 
9,7643080 

9,7644849 

9,7646616 

9,7648382 

9,7650147 

9,7651911 

9»7^S3<574 
9,7655436 

9f  7^57 197 

9*7^58957 
9,7660715 

9,7662473 
9,7664229 

9,7665985 

9,7667739 

9,7669492 

9,7671244. 

9,7672996 

9*7^74746 

9,7676494 
9,7678242 
9,7679989 

|9,7^8i73S 
9>7^«34«o 

9,7685223 

9,7686966 

9,768870.7 

9,7690448 

9,7692187 


Sine  Com. 


9,9,106860 

9>9i:059S9 
9^105057 

9191 04 1 55 
9,9103^51 

9,9102348 

9,9101444 

9,9100539 

9,9099634 

9,9098728 

9,9097821 

9,9096915 
9^9096007 

9,9095090 

9,9094190 

9,9093281 

9.9092371 
9,9091461 

9*9090550 
9,90^9639 

9,9088727 

9,9087814 

9,9086901. 

9,9085988 

9,9085073 

9,9084159 

9,9083243 

9,9082327 

9,9081411 

9,9080494 

9^907957^ 


Sine* 


9,^3^680 
918535,352 

9i8S3^.3 
9,8540694 

9»B5433^5 
9,8546034 

9,8548704 

91^551372 

91^554041 
9,8556708. 

9»855937<5 
9^8562042 

9,8564708 

9i85<57374 
9,8570039 

9,8572704 
9,8575368 

9*8578031 

9,8580694 

9*8583357 
9,8586019 

9,8  J  88680 

9»859i34« 
9,8594002- 

9,8596661 

9*8599321 
9,8601980 

9,8604638 
9,8607296 
9,8609954 
9,8612610 


Tan.  Coffif  J 


.Tan-  Com. 


o* 

o, 

o* 
o. 


o, 
o, 
o, 

o, 
o. 


o, 
o. 


o, 

o, 
o> 
o, 
o, 
o, 
o, 
o, 


4VJ7320 

464648 

4^W7 
459306 

456635 
453900 
451296 

448628 

445959 
443292 
4406^4 

43795,8 
435292 
432626 

429961 
427296 
424632 
421969 
419306 
416643 

413981 
411320 

408659 

405998 

403339 
400679 

398020 
395362 
392704 
390046 
387390 


Taogent. 


54  Degrees. 


3» 

28 

27 

26 

25 

24 
23 

Z2 

21 

20 

«9 

18 

17 
t6 

IS 
13 

12 
II 
10 

9 
8 

7 
6 

S 
4 

3 
2 


.9 


I 

o 

2 

3 
4 
5 


7 
8 


3<  Degftcf* 


Sine. 

•       - . 

9,7692187 

9,7695561 

9.7<597398 
9»7<599'34 
9,7700808 

9,7702601 

917704332 
9,7706063 


T-'T' 


Sioe  Com. 


9  9J707793 

0  9»7709S22 

1  9,7711249 

^  9»77i297^ 

3  9i77M7o2 

4  9»77i<5426 

5  9»77'8i5^ 
^<5  9»77i9«72 
7  9>772i593 

9.77233 '4 
^9  917725033 
20  9.7726751 
2t  9,7728468 

22  9j773^i35 

23  9>773'9<5o 

^4|9»77336>4 
^5  9*7735327 
2<^  9>7737039 

27  9*7738749 

28  9,7740459 

29  9>7742i68 

30  9*7743876 
I  Sine  Conk. 


9,907^20 
9,9075901 
9,9074980 
9,9074059 

9*9073^38 
9,*90722i6 


Tangent. 
9,85x26  to 


Taa.  Comp: 
'Of  1 387390  po 


9,9079576    , ,-     ,-.     .^^-,^. 

9,9078658    9*8615267(10,1384733    59 

9^>7^'-^-°"-™* " 


9,9071293 
9,9070370 
9,9069446 

9,9068522 

9,9067597 

9^906667 1 

9,9065745 

9,9064819 
9,9063892 
9,9062964 

9,9062036 
9,9061107 
9,9060177 

9,9059247 

9*9058317 
9,9057386 

9,9056454 

9,9055522 

9,9054589 

9,9053656 

9,9052722 

9,9051787 


Sine. 


9,8617923 
9,8620578 
9,r.523233 
9,8625887 
9,8628541 
9,863 1 195 
9,8633848 
9,8636500 
9,8639152 
9,864 1 803 
9,8644454 
9,8647105 
9,8649755 
9,8652404 
9,8655053 
9,8657702 
9,8660356 
9,8662997 

9,8665644 
9,8668291 
9,8670937 
9*8673583 
9,8676228 
9,8678873 
9,8681517 
9,8684160 
9,8686804 
9,8689446 
9,8692089 


Tan.  Com. 


10,1382077  58 
10,1379421  57 
10,1376767  5(j 
10,1374113  55 
10^1371459  54 
10,1368805  53 
10,1366152  5a 
iOt«3^35oo  51 
10,1360848  50 
10,1358197  49 

io,i35554<5  48 
10,1352895  47 
10,1350245  46 

10,134759^  45 
10^1344947  44 
10,1342298  43 
10,1339650  ^2 

10,1337003  41 

10,133435^  40 
10,1331709  39 

10,1329063  38 

10,1326417  37 

10,1323772  36 
10,1321127  35 
10,1318483  34 
10,1315840  33 

io»i3«3'9^  32 
10,131055431 

10,1307911  30 


Tangent. 


53  Degrees,. 


.9 
S 


r 


s 

D 


3® 
31 
3* 
33 
34 

36 

37 
38 

39 

40 

41 
4« 
43 
44 
45 
4<S 
47 
48 
49 
50 
J' 

53 
S4 

"55 
56 

57 

58 

59 
-<Jo 


atae. 

9.774387<J 

9.7745581 
9,7747288 

917748993 
9,7750697- 

9,7752399 
l9,7754ioi 


3$  Degrees. 

Sine  Coax.  I  TangcQt. 


■' »» 


9.9051787 
9,9050851 
9,9049916 
9,9048980 
9,9048043 


I 


9,8692089 

9.8697372 
9,8700013 
9,8702653 


9,7755801  9,9045130 


9,9047106  9,8705293 
9,9046168  9»8707933 


9>77575oi 

9i7759^99 
9,7760897 

9*77^^593 
9,7764189 

9,7765983 

9i77<593<^9 
9,7771060 

9>m^75o 

9*7774439 
9,77761^8 

9»77778t5 
-9,77795t>i 


9,9044291 

9*904335' 
9,9042411 

9,9041470 

9,9040529 

9»9<^395^7 
9,9038644 

919037701 
9,903675^ 

9.9035813 
91903486B 

9»9033923 

9.9032977 
9,9032031 


9,7781186  9,9031084 


9,7782870 

9.7784553 
9*778^235 

9*778791^ 

9*778959<5 

9»779i275l 

9*7792953 

9»7794<^3o' 


Sine  Com. 


9i9030J.3<5 
9,9029188 


9,8710572 
9,8713210 
9,871 (848 
9,8718486 

9*8711*23 
9,8713760 

9,8716396 

9,8729031 

9,8731668 

9*8734302 

9*873^937 

9^87395  7  > 
9,8742204 

9*8744838 
9.8747470 
9.8750101 

9*8752734 
9*87553^5 


Taiu  Comp 


9,9o2B2  39 1 9,8  75  799^  j^  I  o,  1 242004 

I  Oil  23  93  73 
ro,  1136743 
10,1234x14 
10^1231485 
iO)i;|t28856 


9,9017289^9,8760627 
9.9026339:9,^763257 
9,902538919,8765886 

9^9014438  .^9*8  7«^5»  5 
9,9023486  9,8771144 


Sine. 


Tan.  Com. 


10^1307911.  30 
10,1305169  29 
10,1302628  28 
10,1299987  27 
10,1297347  26 
10,1294707  25 
10,1292067  24 
10,1289428  13 
io,i'286790  21 
10,1284152  II 

10,1281514  20 
10,1178877  19 

10,1276240  iB 
10,1173604  17 
10,1170968  16 
10^1268331  15 
lOj  1 165698  14 
10,1263063  t3 

I0,1260429{i2 

10,1257796 
10,1255161 

«o,i25253o 
10,1249898 
io»i 247266 
10,1144635 


Tangcfit. 


53  Degrees. 


10 

9 
% 

7 
6 

S 
4 

3 

1 

i 


37  Degrees, 


Sine. 


o 
.1 

2 

3 
4 

S 
6 

7 
8 

9 

o 

I 

2 

3 

4 

I* 

6 

7 
8 


9] 

.20 
.21 
.22 

'^5 

.27 
,28 

c3o 


9^ 
9i 
9i 
9j 
9i 

9: 

9i 
9: 
9' 

9i 
9i 
9i 
9i 
9. 
9i 

9: 

9i 
9i 
9: 

9; 

9i 
9i 
9i 
9j 
9j 

9: 

9j 
9j 

9i 
9i 


Sioe  Com. 


794630 
796306 

797981 

799655 
80^328 

803000 

804671 


809677 

811344 
813010 
814^75 
816339 

818002 
819664 

821324 
822984 

8^643 
826301 

8,2795^1 

829614 

831268 

832922 


9,9023486 
9*9022534 
9,9022581 
9.902062:8 
^,9919674 
9,9018719 
9,90177^4 
806341  9,9016808 
8080T0  9,9015852 
9,901489,- 
9,9013938 
9  901.2980 
9,9orzo2i 
9,90 1 1062 
9,9010102 
9,9009142 
9,9008181^ 
9  9007219 
9,9006257 
9,9005294 

9*9004331 
9,9P033f67 

9,9002403 

9^0041438 


836227 

83797^ 
839528 

841177 

842824 

844471 


iae  Com. 


834575-919000472 


9,8999506 
9,8998539 
9,8997572 
9,8996604 

9**995636 
9,8994667 

Sioe. 


Tangeat. 


9,8771144 

9>8773772 
9,8776400 

9,87790^27 

9,8781654 
9,^78428 1 

9,8786907 
9,8-89533 
9,8792158 
9,8794782 
9,8797407 
9,8800031 
9,8-802654 
9^8805277 
9,8807900 

9,8810522 
9,881.3144 

9,8815765 

9,8818^86 

9,882.1007 

9,8823627 

9,8826246 

9,8828866 

9,8831484 

9,8534103 

9,8836721 

9.8839338 
9,8841956 

9^8844572 

9,8847189 

9,8849805 

Tan.  Com. 


Tan.  Comp. 


I 


Oi 

:Oi 
o, 
03 

Oj 

roj 

o^ 

o 

o 

Oj 
Oj 
O} 

o, 

O] 
O] 
Oj 

o, 

Oj 
O] 
Oj 
O] 

Oj 

Oj 

Oj 
O] 

:Oj 

O] 
Oj 
O, 


228856    60 

226228  59 
Z236oo  58 

220^7^  S7 
218340  56 

215:19  S-5 

213093  54 
210467.  53 

207842  52 

205218  51 

202593  50 

1199969  49 

^97346  4* 

194723  47 

Ip2IOO    46 

189478  45 
186856  44 

^84235  43 
181614  42 
178993  4« 

176373  40 

173754  39 
171134  38 

168516  37 
165897  36 

'63279  35 
160662  34 

*  58044  33 

i55428;>3a 
152811  31 

150195(30 


Tangent. 


•  t 


^2  Degrees. 


S3 


a 

• 

31 
3? 
33 
34 

35 
3.6 

37 
38 
39 
40 
41 
42 

43 
44 
45 
a6 

47 
48 

49 

50 

5; 

52 
53 
54 
55 
5^ 
57 
58 

59 
60 


37  Degrees. 


Sine. 


9*7844471 
9,7846117 

9,7847762 

9,7849406 

9,7851049 

9,7852691 

917854332 

9W8sS97^ 
9,7857611 

9,7859249 
9,7860886 
9,7862522 
'9,7864157 

9,78^5791 

9,7867424 

9,7869056 
9,7870687 

9>78723i7 

9,7873946 
9,7875574 
9,7877202 

9,7878828 
9,7880453 
9,7882077 
9»7.8937oi 

9,78853?3 
9,7886944 

9,7888565 

9.789P184 

9,7891^02 

9>789342o 


Sine  Com. 

9,8994667 
9,8993697 
9,8992727 
9,8991756 

9j8  99^7^4 
9,8989812 
9,^988840^ 
9,^987867 
9,8986893 

9,8985919 
9^984944 
9^8983968 

9,898299^ 
9,898^015 
^,8981038 
^,898oo6a 
9,8979082 
9,8978103 
9»8977^23 
9,8976143 
9,8975162 
9,39-^4181 
9,8973199 
9,8972216 

9»R97^^33 
9,8970249 

19,8969263 
9,8968280 
9,8^67294 


Tangent.  iTan.  Comp. 


Sine  Com. 


9,8849805 
9,8852420 
9,«855035 
9,8857650 
9,8860264 
9,8862878 

9,886549a 

9,8868105 

9,8870718 

9>887333o 

9,88^5942 

9,8878554 

9,888*165 

9,888J775 

9,^886386 

9,8888996 

9,8891605 

9,5894214 

9,8896823 

9,889943^. 

9,8,90204(31 

9,890464.7 

9,8907254. 

9,8909861 

9,8912468 

9.891.5074 

9,8917679 

9,8920285 

9,892.2890 


j  10,1150195 
10,1147580 


9,896630819,8925494 
9,8965321 19,892^098 


Sine. 


3^ 

29  f 

10,1144965  28  : 
10,1142350  27 
10,11^9736  26 '. 
10,1137122  25 
10,1134508  24. 
10,1131895  23  . 
10,1129282  22 
10,1126670  21 
10,1124058  20  ' 
10,1121446  19 

10,111 8»35  18  ^ 

10,1116225  17  ; 

10,1113614  x6 
10,1111004  15. 
10,1108395  14  . 
10,1.105786  13^ 
10,1.103177  12 
10,1100568  II 
10,1097960  10 
10,1095353 
.10,1092746 
.10,1090139 
^^0,1.087532 
10,1084926 
io,io8232i 
10,1079715 
10,1077  no 
iQ»io745.o6 
10,1071902 


9  > 
8  . 

7 

6. 

5 

4. 

3 

Z  :l 
I 
G  . 


5? 


Tan.  Com.  Tangent,  j  6  .^ 


38  Degrees. 


9 


c 
I 
2 

3 
4 

5 
6 


9,7893420 
19,7895036 
9,7896652 
9,7898266 
9,7899880 


9,8965321 


Taogeat.  .Tan.  Comp* 


9,8928098 


918964334  9»^W0702 
918963346  9^8933306 


9,8962358 
9,8961369 


9i790i49.^  918960379 


8 
9 

iO 

I 

2 

\ 

3 
^4 

S 
16 

7 
8 


9,7903104 

9»79047i5 
9,7906325 

9179079?  3 

9*790954' 
9,791114b 

9»79i2754 

9t79'435V 

9*7915963 
9,7917566 

9,791916^^ 

9,7920769 

9*79^2369 


^9 
ao 

^3 

04 


9,8959389 
9,8958398 
9,8957406 
9,8956414 
9,8955422 
9,8954429 

9*8953435 
9,8952440 

^^,8951445 

9*8950450 

9*8949453 
9,8948457 

9*8947459 


9*7923968  9*8946461 
9,7925566  9,8945463 


'9*79*7163 
9,792876c 

9*7930355 

9*792^949 
^9*793J$43 
«^  9*79  5 » 3^ 
a?  y*7936727 
«8  9,7^38317 

29  9>79,399^7 

30  9*79*149^' 

Sine  Com. 


9*8944463 

9,8943464 
9,8942463 
9,8941462 
9^8940461 


9*8935909 
9,8938511 

9,8941114 

9*8943715 
9,8946317 

9,8948918 

9,8951519 

9,8954119 

9,8956719 

9,8959319 

9,8961918 

9*89645 « 7 
9,8967116 

9,8969714 

9,89723.' 2 

9,8974910 

9*8977507 
9,8986104 

9^8982700 


10,1071902160 
10,1069298159 
10,106669415* 
i0yio64O9i  57 
10,1061489  56 
10,1058886  55 
110,1056285  54 
10,1,053683  S3 
10,1051082  52 
10,1048481  51 
10,1045881  53 
10,1043281149 


Sine. 


9,8985296 
9,8987892 
9,8990487 
9*8993082 
9*8995677 


10,1040681 

10,1038082. 

10,1035483 

10,1032884 

10,1030286 

10,1027688 

10,1025090 

10,1022493 

10,1019896 

10,4017300 

10,1014704 

10,1012108 

10,1009513 

10,1006918 

10,1004323 


9»89394S8 

9r8938^456i9,899827 1  [10,1001729 

9*893.7452 
9,89^6448 


9,9000865 
9.9003459 


9*89:55444  9*9006052 


Taa.  Com. 


*  0,09991 35 
10,0996541 
10^993948 


48 

47 
46 

45 
44 

43 

42 
41 
40 

39 
38 
37 
36 

35^ 

34^ 

33 
32 

3« 
30 


«      — 

54  Degrees^ 


Tangent    |  JS 


38  Degrees. 


I' 


Sine. 


3P 

32 

33 
34 

35 
3^ 

37 
38 

39 

40 

42 

43 
44 

46 

47 
48 

49 
J<^ 
5» 
52 

S3 

54 

55 
5^ 
57 

5« 
59 


9,7941496 
9,7943083 
9,7944670 
9,7946256 

9»794784i 
9,7949425 

9,7951008 

9*7952590 

9*7954 17 1 

9*7955751 
9>795733o 
9,7958909 

9,7960486 

9,7962062 

9*7963638 
9,7965212 
9,7966786 

9*7968359 
9*7969930 
9*7971501 

9*7973071 
9*7974640 
9,7976208 

9*7977775 

9*7979341 
9,7980906 

9,7982470 

9,7984034 

9,7985596 

9,798715a 

9*7988718 


Sioe  Com. 


Sine  Com.  Tangent. 


9*8935444 

9*8934439 

9*8933433 
9*8932426 

9,8931419 

9,8930412 

9,8929404 

9,8928395 

9*8927385 
9,8926375 

9*8925305 
9*8924354 
9*8923342 
9,8922329 
9,8921316 
9,8920303 
9,8919289 
9*8918274 
9,8917258 
9,8916242 
9,^15226 
9,8914208 
9,8913191 
9,8912172 
9,8911153 
9,8910133 
9,8909 1 1 3 

9,8908092 
9,890707 1 
9,8906049 
9,8905026 

Sine..  . 


9,9006052 
9,9008645 
9,9011237 
9,90x3830 
9,9016422 
9,9019013 
9,9021604 

9*9024195 
9,9026786 

9*9029376 
9,9031966 

9*9034555 
9,9037144 

9*9039733 
9*9042321 
9,9044910 
9,9047497 

9,9050085 
9*905^672 

9*9055259 
9*9057845 
9,906043 1 
9,9063017 
9,9065603 
9,9068188 
9,9070773 

9*9^73357 
9*9075941 

9,9078525 
9,9081109 

9,9083692 


Tan.  .Com. 


Tan.  Comp. 


mmmm 


0,0993948 

o,*99i355 
0,0988763 

0,0986170 

0,0983578 

0,0980987 
0,0978396 

0,0975805 
0,0973214 

0,0970624 
0,0968034 

•,0965445 

0,0962856 
0,0960267 

0,0957679 

0,0955090 

0,0952503 
0,0949915 
0,0947328 
0,0944741 
0,0942155 
0,0939569 
0,0936983 

0*0934397 

0,093 1  8 1 2 
0,0929227 
0,0926643 
0,0924059 
0,0921475 
0,0918891 
0,0916308 


Tangent. 


30 

29 
28 

27 
26 

25 
24 

23 

22 
21 

20 

9 

8 

7 
6 

5 

4 

3 

2, 
I 

o 

9 
8 

7 
6 

5 

4 

3 
z 

I 

o 


51  Degi-ces. 


»\ 


o 
I 

2 

3 

4 

5 

4 

7 
8 

9 

:o 

I 

2 

'3 
14 

5 
6 

7 
8 

20 
21 
23 

23 
24 

25 
26 

27 

2f! 

29 

30 


39  D^rees.  ,  * 

Sine.     I  Sine  Com.      Tangent.  Tan.  Comp. 


9,7988718 
9,7990278 
9,7991836 

9»7993394 

9»79949S  I 

9,799^5507 
9,7998062 

9,7999616 

9,8001 169 

9,8002721 

9,8004272 

9,8005823 

918007372 

9,8008921 

9,8010468 

9,801201$ 

9,8913561 

9,8015106 

9,8016649 

9,8018192 

9.8019735 

9,8021276 

9,8022816 

9>8o24355 

9,8025894 

9,8027431 


9,8905026 
9,8904003 
9,8902979 
9,8901954 
9,8900929 
9,8899903 
9,8898877 
9,8897850 
9,8896922 
9,8895794 

9,8894765 
9,8893736 

9,8892706 


9,9083692 
9,9086275 
9,9088858 
9,9091440 
9,9094022 
9,9096603 
9,9099185 
9,9101766 

9>9'o4347 
9,9106927 

9,9109507 

9,9112087 

9,91 14666 


9,889167519,9117245 
9,8890644  9,9(19824 


9,8889612 
9,8888580 
9,8887547 
9,8886513 
9,8885479 

9,8884444 
9,8883408 

9,8882372 

9,8881335 
9,8880298 
9,8879260 


9,8028968  {9,887822 1 
9,8030504  9,8877 182 
9,8032038 '9,8876142 
9,8033572)9,8875102 
9,803510519,8874061 


9,9122403 
9,9124981 

9*9127559 
9i9i30'37 
9j9'327I4 

919135291 
9,9137868 

9,9140444 

9,9;f  43020 

9>9J45596 
9,9148171 

9/9150747 
919153322 
9,9J 55896 

9,9158471 
9,9161045 


0,0916308 
0,0913725 
o,o9r  1142 
0,0908560 
0,0905978 

0*0903397 
0,0900815 

0,0898234 

0,0895^53 

0,0893073 

0,0890493 

0,0887913 

0,0885334 

0,0882755 

0,08^80176 

0,0877597 

0,0875019 

0,0872441 

0,0869863 

0,0867286 

0,0864709 

0,0862132 

0,0859556 

0,0856980 

0,0854404 

0,0851829 

0,0849253 

0,0846678 
0,0844104 
0,0841529 
0,0838955 


Sine  Com.       S  ne.     'Tan.  Com.     Tangent. 

!-■ ' • ■— '-    ■■■•■'■■  _  ■  I 

';  50  Degrees* . 


60. 

59 

58 

57 
S6. 

ss 

54 

53 

52 

5« 

50 

49 
48 

4T 
46' 

45 

44- 
43 
42 
41- 

40 

39' 
3a 

37 
36 

35 
34 
33 
32 
3» 
30 

•  , 

a 

mi 


-1 


39  Degrees. 


30 
3' 
32 
33 
34 
35 
36 
37 

38 

39 

40 

41 

4^ 

43 

44 

45 
46 

47 
48 

49 
SO 

51 
52 
S3 
54 
55 
5^ 
57 
58 
59 

4$0 


Sine. 


9,8035105 
9,8036637 
9,8038168 
9,8039699 
9,8041228 
9,804275^ 
9,8044284 
9,8045811 

9*8047336 
9,8048861 

9,8050385 
9,8051908 
9,8053430 
9,8054951 
9,8056472 
9,8057991 
9,8059510 
9,8061027 
948062544 
9,8064060 
9'8o65575 
9,8067089 
9,8068602 
9,8070114 
9,8071626 
9,8073 1,36 
.9,8074646 
9,^076154 
9,8077662 
9,8079169 
9,8080675 


Sine  Com. 


Sine  Com* 

9,8874061 
9,8873019 
9,8871977 
9,8870934 
9,8869890 
9,8868846 
9,8867801 
9,8866756 
9,8865710 
9,8864663 
9,8863616 
9,8862568 
9,8861519 
9,8860470 
9,8859420 
9,8858370 
9,8857319 
9,8856267 
9,8855215 
9,8854162 
9,8853  r  09 
9,8852055 
9,8851000 
9,884994c 
9^884-8:889 
9,8847832 
9,8846775 
9,8845717 
9,8844659 
9,8843599 
9^8842540 


Tangent. 

9,9161045 
9,9163618 
9,9i66ir>2 
9,91687  5 

9.9171338 
9,9173911 

9,9176483 

9»9i79055 
9,9181627 

9,9184198 

9,9186769 

9,918934c 

9,9191911 
9,9194481 
9,9197051 
9,9199621 
9,9202191 
9,9204760 
9,9207329 

9,9209^98 
9,92^1 2466 
9,9215034 
9,9217602 
9,9220170 
9,9222737 
9,9225304 
9,9227871 

9,9230437 
9,9233-04 
9,9235570 

919238135 


Sine.      T^n.  Com. 
50  Segreet. 


Tan.  Comp 


o,o8389C5  30 
0,0836382  29 
0,0833808  28 
0,0831235  27 
0,0828662  i  26 
0,0826089  25 
0,0823517  24 
0,0820945  23 

0,0818373  2Z 
0,0815802  '21 
0,0813231  20 
0,0810660  ip 
0,0808089  18 
0,0805519  17 
0,0802949  16 
0,0800379  15 

0,0797809  14 
0,0795240  ,3 
0,0792671  12 
0,0790102  II 

0,0787534  10 
0,07  84966  9 

0,0782398  8 

0^0779830  7 

0,0777263  6 

0,0774696  5 

0,0772129  4 

0,0769563  3 

0,0766996  "2 
0,0764430  I 
0,0761865  0 

Tangent.  >  d 

[s 


J 


o 
•  I 

2 

'3 
4 

& 

6 

7 
8 

9 

o 

I 

2 

3 

4 

5 
6 

7 
8 

9 

20 
21 
22 
23 

24 

^5 
•26 

27 

^8 

29 

3<^ 


40  Degrees^ 


Sin«. 


9^8080675 
9»8o82i8o 
9j8o83(S84 
9,8085188 
9,8086690 
9,8088^92 
9,8089692 
9,8091192 
9,8092691 
9,8094189 
9»8o99686 
9,8097182 
9,8098678 


Sine  Com. 


9»8 
9,8 

9.8 
9,8 
9,8 

9.8 
9»8 
9,8 
9,8 
9,8 

9i8 
9.8 

9»8 
9.8 
9.8 
9,8 
9.8 
9i8 


00172 
01666 

0315Q 
04650 

06141 

07631 

09121 

10609 

12096 

'3S«3 
15069 

16554 
18038 
19521 
21003 
22484 

239*55 
25444 


9,8842540 
9,8841479 
9,8840418 
9*8839357 

9,8838294 
9,8837232 

9,8836168 

9,88351*04 

9,8834039 

9,8832974 
19,8831908 
g,83{o84i 
9,8829774 
•9,8828706 
9,8827638 
9,8826568 
9,8825499 
9,8824428 
9*8823357 
9,8822285 
9,8821213 
9,8820140 
9,8819067 
9,8817992 
9,8816918 
9,8815842 
9,8814766 
9,8813689 
9,8812612 

9,8811534 
9,8810455 


Sine  Com. 


Tangent. 


TsiQ.  Coiiip* 


919238135 
9,9240701 

9,9243266 

9*9245831 
9,9248396 

9,92  50960 

9*9253524 
9,9256088 
9,9258652 
9,9261215 
9,9263778 
9,9266341 
9,9268904 
9,9271466 
9,9274028 
9,9276590 

9*9279i52 
9,9281713 

9,9284274 

9,9286835 

9,9289396 

9,9291956 

9,9294516 

9,9297076 

9,9299636 

9,9302195 

9»93<>4755 
9*93073141 
9*9309872 
9*93'243^ 
9*93  ^4989 


0,0761865 

0,0759299 

o»075<5734 
0,0754169 

0,0751604 

0,0749040 

0,0746476 

o>^7439»2 

0,0741348 

0,0738785 

0,0736222 

o.o733<559 
0,0731096 

0*0728534 
0,0725972 

0,0723410 

0,0720848 

0,0718287 
0,0715726 
0,0713165 
0,0710604 
0,0708044 
0,0705484 
0,0702924 
0,0700364 
0,0697805 
010695245 
0^0692686 
0,0690128 
0,0687569 
0,0685011 


I 


Sine.      'Tan.  Com.  I  Tangent. 
49  D^ees. 


6a 

59 
i>8 
57 
56 
55 
54 
53 
52 

5» 

50 

49 
48 

47 
4<J 

45 
44 
43 

41. 
40 

39 
38 

37 
36 

35 
34 

33 
32 
3« 
30 


i 


3» 
-32 
33 
■•34 
35 
36 
37 
38 

39 

40 

41 
4i 

43 

•44 

45 
46 

■47 

49 

50 
51 
52 

■•S3 
54 

55 
.56 

•57 
-58 

59 
-60 


^0  1)egrccs. 


Sioe* 

9,8125444 
9,8126923 
9,8128401 
9)8129878 

9,8132829 

5^34303 
9>Si35777 
9,8137250 

9,^138721 
9,8140192 
9,8^41^62 

9^814313.1 

9,8144600 

9,8146067 

9»^i47534 
9,8148999 

9,8150464 
9,8151928 

918153391 

9,8154854 
9,8156315 

9,8157776 

91815923s 
9,8160694 

9,8162152 

9,8i63^C)9 

9,8165066 

9,8166521 

9,816797s 

9,8*69429 

Si&e  Com. 


Sine  Coin.     Tangent. 


fill 


•rtk*M> 


9,8810455 
9,8809376 
9,8808296 
9,8807215 
9,8806134 
9,8805052 
9,8803970 

9,88b2887 
9,8801803 
9,8800719 

9>8799<^34 
9>B  798548 
9,8797462 

9,879637s 
9,8795287 

9,8794^199 
9,8793110 

9,8792021 

9*8790930 

9,8789840 

9,8788748 

9.8787656 

9,8786563 

9,8785470 

9^8784376 
9,8783281 

9,87^2 1 86 
9,8781090 

9>8779994 
9,8778896 

9*8777799 
Saoe. 


^am 


9*9^3^4989 

9»93i7S47 
9,9320105 

9,9322662 

9,9325220 

Vy93^1m 

9>933^334 
9*9332890 
9»9335446 
9,9338003 

9»934C>SS9 
9»93'43ii4 

9*9345670 
9,9348225 

9,9350780 

9.935333s 

9>93SS889, 
9.9358444 

9*9360998 

9»93^35S2 
9,9366105 

9*9368659 
9,937121? 

91937376s 
9,93  763 1 « 

9*9378871 

9*93^81423 
9*9^83975 

9,9386527 

91938907? 
9*9391631 

Fan.  Com* 


TaB«  Comp. 


^mm^*^ 


0,0685011    3(j 

0,0682453 

0,0679895 

0,0677338 

0,0674780 

0,0672223 

0^066^666 

0,0667110 

o,o66/f554 

0,0661997 

0,0659441, 

0,0656886 

0,0654330 
0,065177s 
0,0649220 
0,6646665 
0,0644111 
0,0641556 
0,0639002 
0,0636448 
0,0633895 
1.0,0631341 
0,0628788 
0,0626235 
0,0623682 
0,0621129 
3,0618577 
0,06^6025 

0,0613473 
0,0610921 

O10608369 


Tangent. 


■>■■■ 


49  Degrees. 


29 
28 

27 

26 

25 

24 

23 
22 

at 

20 

19 

.i8< 

17 

16 

14 
13 

12 
f  I 
10 

9 

8 

7 
6 

5 

4 

3 

2 

I 
a 

• 

a 


41   Degrees. 


o 
1 

2 

3 
4 

5 
6 

7 
8 

9 

01 

X 

2 

3 

f4 

S 
[6 

7 
8 

20 
21 

22 

23 
24 

25 
26^ 

27 

28 

.29 

.30 


Sine  Com. 


9,8169429 
9,8170882 
9,8172334 

9,8173785 

9.8«7S^3S 
9,8176685 

9>8i78i33 
9,8179581 

9,8181028 

9,8182474 

9,8183919 

9,8185364 

9,8j868o7 

9,8188250 

9,8189692 

9,8191133 

918^92573 
9,8194012 

9,8195450 

9,8196888 

9,8i983i5 

9>8i997<^i 
9,8291196 

9,8202630 

9,8204063 

9*8205496 

9,820692'/ 

9;8208358 

9,8209788 

'9,821 1217 

9,8^12646 


' ... 

Tangent.  Tan.  Comp*l 


9^8777799 
9,8776700 

9,8775601 

9*87  745  01 
9,8773401 

9J8772300 

9,877  ri98 

9,8770096! 

9,8768993 

9,8767889 

9,8766785 

9,8765680 

9,8764574 

9,8763468 

918762361 

9,8761253 

9,8760145 

9,87(^9036 

9^8757927 

9,8756816 

9>875.570<5 

9>8754594 

9>8753482 

9^8752369 

9,875.1256: 

9,87501421 

9^8749027 

9,8747.912 

9,8746795{ 

9,8745679. 

9,8744561 


9*939i<53i 
9,9394182 


16,0608369 
10,0605818 


9i939^733U  0^0^03  ^^7 
9,9399284  10,0600716 


Sine  Com. 


9,9401835 

9*9404385 
9,9406936 

9,9400486 

9,9412036 

9,9414585 

9>94i7i35 
9,9419684 

9,9422233 
9,9424782 

9.?42733» 


10,0598165 
10,0595615155 


60 
59 

57 


9>9429879 


i<>>^593o^4 
i  10,05905 14 
.10,05^87964 
•10,0585415 
10,05-82865 
•10,0580316 

«Oi05r777^7 
10,0575218 

10,0572669 

10,0570121 


Sine."'  * 


9*943  M28 

9*9434976 
9*9437524 
9,9440072 
9,9442619 
9,9445166 

9*94477' 4 
9,9450261 

9,9452807 
9*9455354 

9*9457900 
9,9460447 

$,9462993 

9*9465539 
9,9468084 


iV-Ah. 


Tan.  Cdm. 


10,0567572 
10^05^5024 
10,0562476 
1^*0559928 

10,0557381 
10,0554834 

1650552286 
10,0549739 
50,0547193 
10,0544646 
10,0542100 
.10,0539553 
10,0537007 
-10,0534461 
J  0,053 1916 

Tangent.  • 


54 
53 
5^ 
5^ 
50 

49 
48 

47 
46 

45 
44 

43 
42 

41 

40 

39 
38 
S7 
36 

35 
34 

33 
32 

3^ 
3^ 


L 


48  Degrees, 


3° 
31 
3? 
33 
34 

35. 
36 

37 
38 

39 

40 

41 
42 

-431 

-f4 

45 
4(5 

47 
48 
49 

SO 
S« 

52 
53 
54 
55 
56 
57 

5? 

59 
60 


41  Degree^ 
Sine.       SiQc  Com.  |  Tangent*  .Tan.  Cooip. 


9^212646  918744561 
9,8214073.9,8743443 
9,8215*59019,8742325 
9,82 1 6926' 1^,874 1 205 
9,821835119,8749085 
9,8219775193738965 
9,8221198  9,8737844 
9,8222621  9,8736722 


9,822404^ 
9,8225463 
9,8226883 

9,822»302 

9,8229721 

9,8231138 

9>8^32555 


9*8735599 
9i«73447^ 
9>873335^ 

9y873?^27 
9,8731102 

9,8729976 

9,8728849 


9>823397i  19,8727722 
9,8235386  9,8726594 


9,82*36860 
9,82382x3 
9,8239626 
9,8241037. 
9,8242448 

9,8^43.«58 
9,8245.267 
9,8246676 
9,8248083 

9>8249490 
9,8250896 

9,8252301 

9*8^M795 
9,8255109 


Sioe  Com. 


9»8  725466 

9>87^4337 
9,8723207 

9,8722076 

9,8720945 

9>87 195.13 
9,87 1 868 1^ 

9*.87"7548 
9,8716414 
9,8715279 
9,8714144 
9,8713008 
9,8711872 

9>87io73S 


9,9468984 

919470630 

9i9473i7S 
9^947572  ' 
9,9478265 

9,948081c 

9»94833S5 
9^9485899 

9,9488443 

9,9490987 

9,949353; 
9,9496075 
9,9498619 

9,9501162 

9>9503705 
9,950624? 

9,950879! 

9,95?  ^334 
9>95i3876 

9,9516419 
9,9518961 

9.9521503 

9,9524045 

9,9526587 
9,9529128 
9*9531670 
9,9534211 
9*9536752 

9*9539293 
9,9541834 

9*9544374 


,10,053191.6 
ip,®52937o 

10,9526825 

10,052/^280 

10,0521735 

'0,6519190 

10,0516645 

10,051.4101 

10,0511557 

10,0509013 

10,0506469 

i«,0503925 

10,0501381 

10,0498838 

10,0496295 

10,9493752 

10,049.1209 

10,0488666 

10,0486124 

1.0,0483581 

10,0481039 

10,0478497 

10,0475955 

10,0473413 

10,0470872 

10,0468330 

10,0465789 

10,0463248 

10,0460707 

.10,0458166 

10,0455626 


i 


SIqc.   Tao.  Com. 

1 

48I  i)egripcs^. 


Taogent, 


Mwaaa 


3^ 
29 

28 

27  '• 

26 

25 

24 

23 
22 

21 

20 
9 

8  > 

7 
6 

5 

^4 

3 
2 

I  ' 

0 

9 
8 

7 
6 

5 
4^ 

3 
o  > 


i 


ft** 

p 


42  Digretfe 
Sine.      iSioe  Com.  I  TsmgCQt. 


1 


9,8255109 
918^56512 
9^257913 

4918260715 
9^82621 14 
9,826351^ 
9,8264910 
9,8266307 

9]  918^7703 
9,8269098 

9^270493 

9,8271887 

9,8273279 

9^8274671 

948276063 

938277453 
9,827^843 

9,8  2  8  az  J I 

9^8281619 

9,8283006 

9,8284393 

9,8285778 

9,8287163^ 

9,8288547 
9,8289930 

9>829i3i2 
9,8:^92694 
28  9,8294075 

^9  9?8295454 
30/9,8296833 


5 

6 

7 

8 


t3 
»4 

*S 

16 

»7 
18 

20 
21 
22 
23 

«4 

26 

27 


1 


,9i9S443c74 
9,9546915 

9*9549455 


9*8710735 
9,8709597 

9,8708458 

9,870731919,9551995 

9,8706179  9,9554535 
9,8705<339  9,9557075 


Tan»  Comp. 


Sine  Cofru, 


9,8703898 
9,8702756 
9,8701613 

9,8700470 
9,8699326 
9,8698182 
9,8697037 
9,8695891 
9,8694744 

9>8693597 
9,869.2445 

9^8691301 

9,8690152 

9,8689002 

•9,8687851 

9,8686700 

9,86a5548 

9,8684396 

9^83242 

9,8682088 

9,8680934 

9,8679779 

9^8678623 


9,9559615 

9,9562154 
9*9564694 

9,95^7^33 

9>95<^9772 
9,9572311 

91957485^ 

,9^95773  89 

9*9579927 
9,9582465 

9,9585004 

919587542 
9,9590080 

9,9592618 

9»9595'55 

9^9597^93 
9,9600230 

9,9602767 

9,960530^ 

9,9607842 

9^9610378 

9,9612915 

9,9615452 


0,0455626 
^,045^085 
e,045  0*545 
0,0448005 

o»04454^5' 
0,0442925 

0,0440385 
10,0437846 

0,0432767 
0,0430x28 
0,04^7689 
0,0425150 
^0,0422611 
0,0420073 

0*^417535 
0,0414996 

0,0412458 

0,0409920 

0,0407382 
0,0404^45 

0,0402307 

o^«?39977o 
0*^397233 

0*0394695 
030392158 

0,0389622 

0,0387085 


9,867746619,9617988 
9,8676309  9,9620525 

SiQe.       Tao.  Com* 

■■■  ■       -  ■  ■  JH  '  111— ^— ^1— ^ 

47,  Degree*.- 


6a 
S? 
S» 

57 
56 

S5 

54 

Si 

5» 

5' 

50 

49»' 

4» 

147 
46- 

45 
44- 
4J 

4* 

4» 
40 

37 
3^ 
35 
34 

3J 


0,0384548 1-3  2 
0,0382012 

o»o3  79475 


'  Tangent. 


3«> 

if 

a- 


*  ■ 


SI 

32 

34 

35 
36 

37 
38 
39 

40 

41 

42 

43 

44 

45 
46 

47 
48 

49 

50 

5* 
52 

S3 
54 

ys 
s^ 

57 
5» 

59 


Sine. 


9,8296633 
9,8298212 
9,82995b9 
9,8300966 
9,8302342 

9>83037i7 
9,8305091 

9,8306464 

9,8307837 

9,8309209 

9,8310580 

9>83ii9So 
9>^3 13320 
9,8314688' 

9^,8316056 

9*83 17423 
9,8318789 

9,8320155 

9,8321519 
9^83228*3 

9,8324246 

9,8325609 

9,83269.70 

9,8328331 

9,^8329691 

9,8331050 

9,8332408 

9^333766 
9,8335122 

9i8j3<^478 


60^9,8337833 
Sloe  Com. 


42  Degtec§* 
Sine  Com.      Tangent,  Tan.  Coinp. 


.9,8676309 
9,8675151 
9*8673992 
9,8672833 
9^8671673 
9,8670512 
9,8669351 
9,8668189 
9,8667026 
9,8665863 
9,8664699 
9,8663534 
9^8662369 
9^8661203 
9,8660036 
9,8658868 
9,8657700 
9,8656531 

5^,8655362 
9,8654192 

9,8653021 
:9,865i849 
9,8650677 
9,8649504 
9,864833 1 
9,8647156 
9,8645981 
9,8644806 
9,86436291 
9,8642452 
9,8641275 


9,9620525 
9,9623061 
9^9625597 
9,9628133 
9,9630669 
9,9633204 

9i9^35740 
9,9638275 
9,96408 1 1 

9>9^43346 
9,9645881 

9,9648416 

9,9650951 

9^9653486 

9,9656020 

9»9658555 
9,966108V 
9,9663,623 
9,9666157 
9,9668692 
9,9671225 

9*9673759 
9,9676^93 

9,9678827 

9,968x360 

9,9683893 

9,.9686427 

9,9688060 

9,969f493 

9,9694026 

9,9696559 


Sine*      Tan.  Com. 
'  4J!  De^recs.^ 


0,0379475  3« 
O103 76939  ^9? 

0^0374403!  28^ 
0,0371867127 
0,0369331  26' 
0,0366796  25 
0,0364260  24 
0,0361725  23. 
0,0359186  22 
0,0356654  21 
0,0354119  20 
0,03515.84,19 
0,0349049  18. 

0^0346414  IT 
0,0343980  I  (J. 

o>c34i445  I J 
0,0338911  ,4 

0*0336377  13 

0,0333843  I  z 
0,0331308  II 

0,0328775     lOv 

0,0326241     j^ 

0,0323707  a. 
0,0321173   y 

0,0318640  6 
0,0316107    ^ 

0,03^3573  4 
0,0311040    3 

0,0308507    2 

0,0305974    I 

0,0303441     0 


Tangent. 


43  Agrees: 


o 
I 
a 

.3 
4 

S 
6 

7 
8 

.9 

0 

I 


5 

:6 

7 
t8 

»9 

3C 
21 
22 
23 

24 

25 
26 

27 
2? 
29 

3^ 


Si2le.      ISlae  Com. 


f 


y,8339r88 
9,8340541 
9.8341894 
9t^343M<5 

9*8344597 
9>8345948 

918347297 
9.8348646 

9*8349994 

9*8351341 
9,8352688 

9^8354033 

9*8355378 
9,8356722 
9,8358066 
9,8359408 
91.8360750 
9,8362091 
9*8363431 

9*83^4771 
9^8366109 

9,8367447 

9,8368784 

9,8370121 

9>837i456 
9,8372791 

9.8374125 

9*8375458 

9*8376790 
9,8378122 


SitHe  Com. 


Tangent. 


9,8641275 
9,8640096 
9,8638917 
9,8637737 
918636557 
9,86:^5376 
9,8634194 
9*8633011 
9,8631828 
9,8630644 
9,8629460 
9,8628274 
9,8627088 
0,8625902 
9,8624714 
9,8623526 
9,8622338 


9,9696559 
9,9699091 
9,9701624 

9*97^4157 
9,9706689 

9,9709221 

9*97  »' 754 
9,9714286 

9,9716818 

9.97 » 9^50 
9,9721882 

9*97244^3 

9>97  26945 

9*9729477 
9,9732008 

9*9734539 
9'973707) 


9,8621 14819,9739602 


9,8619958 
9,8618767 
9,8617576 

9,8616383 
9,8615190 

9,8613997 
9.8612803 
9,86ri6c8 
9,8610412 
9,8609215 
9^8608018 
9,8606821 
9,8605622 


9*9742133 
9*974  4<^64 

9*9747195 
9,9749726 

9*9752257 
9»9754t87 

9*9757318 

9*9759849 
9.9762379 
9,9764909 

9,9767440 

9*976997^ 
9*9772500 


Tan.  Comp. 


0,0303441 
0,0300909 
0,0298376 
0,0295843 
0,02933x1 
0,0290779 
0^288246 
0*0285714 

0,0283182 

0,0280650 

0,0278118 

0,0275587 

0,0273055 

0,0270523 

0,026,7992 

0,0265461 

0,0262929 

0,0260398 

0,0257867 

0,0255336 

0,0252805 

0,0250274 

0,0247743 

0,0245213 

0,0242682 

0,0240151 

0,0237621 

0,0235091 

0,02325*60 

0,0230030. 

0,0227500 


I; 


Sine.   Tan.  Coin.  Tangent. 
46  Degrees.. 


60 

59 
58 

57 
56 
55 
54 
53 
5»- 

5* 

50-. 

49 
48- 

47" 
46- 

45 
44' 
43 
42  ■ 

4» 
40 

39 
38- 
37 
3<J- 

35:- 

34- 
33 
3* 
3^ 

30- 

•  •-•-« 


r 


43  Degrees. 


30 
3» 
3« 
■33 
34 

3<5 

37 
38 

•39 
40 

41 

42 

43 
44 

45 
46 

47 
48 

49 

.50 

SI 
52 

53 
54 

■55 
56 

57 

58 

59 
-6,0 


Sine  Com. 


9,8378122 

9.8379453 
9,8380783 

9,8382112 

9.^383441 
9,8384769 

9,8386096 

9,8387422 

9,8388747 
9,8390072 

9.839»39<5 
9,8392719 
9,8394041 

9.8395363 
9,8396684 
9,8398004 

9.8399323 
9,8400642 

9,840 1959 

9,8403276 

9,8404593 

9,8405908 

9,8407223 

9,8408537 

9,8409850 

9,8411.162 

9,8413474 

9,8413785 

9,8415095 
9,8416404 

9.84«77i3 
Sine  Com. 


9,^605622 
9,8604423 
9,8603223 
9,8662022 
9,8600821 
9,8599619 
9,8598416 

9,8596009 
9,8594804 

9»B5y3599 

9>8592393 
9,85911^6 

9,8589978 

9,858^770 

9,8587561 

9,8586351 

9,8585141 

9,8583929 

9,85827^8 

9,8581505 

9,8580202 

9,8579078 

9»8577«63 
9,8576648 

9*8575432 
9,8574215 
9,8572998 

9*8571779 
9,8570561 

9>85^934i 
Sine. 


Tangent. 


9,9772500 

9»977503<> 
9,9777560 

19,9780090 

9,9782620 

9>978?J49 

9,9787^79 
9,9790209 

9*979273^ 
9,9795268 

9^9191197 
9,9800326 

9,9802856* 

9,9805385 

9,9807914 

9,9810443 

9,9812972 

9,981550! 

9',98 18030 

19,9820559 

19,9823087 

19,9825616 

19,9828 145 

9,9830673 

9,9833202 

9*983573^ 
19,9838259 

9,9840787 

9198433^5 

^9,9845844 

9,984^372 


Tan.  Com. 


Tan.  Comp. 


0,0227500 
0,0224970 
0,0222440 
0,0219910 
0,0217380 
0,0214851 
0,0212321 
0,0209791 
0,0207262 
0,0204732 
0,0202203 
0,0199674 
0,0-97:44 
0,0194615 
0,0192086 

0;Oi89557 
0,0187028 

0,0184499 

0,0181^70 

0,0179441 

0,0176913 

0,0174384 

0,0171855 

0,0169327 

0,0166798 

0,0164270 

0,0161741 

o,'oi592i3 

0,0156685 

0,0154156 

0,0151628 


TanneiTt. 


46  Degrees. 


30 
29 

l28- 

27 
26 

25 
24 

23 

22 

21 
20 

iB 

17 
16 

15 
14 

13 

12 
II 

to 

9 
8 

7 
6 

5 

4 

3 
2 

I 

o 

a 


o 
I 

2 

3 

4 

5. 

7 
8 

9 

10 

II 

12 

'3 

M 

15 
16 

»7 
18 

19 

•20 

22 

^3 
24 

26 

27 
28 

29 

3.0 


^  Begrees. 


I  *  ■' 


2>iae. 


9184 1 902 1 
9,8420328 
9*8424634 
9,84^2939 

9,8424^44 
9,8425548 

9,8426851 

998428154 

9*8429456 

9^8430757 
9,843.2057 

9»«433356 
9,8434655 

9f8435953 
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9,8473267 
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9,8475817 
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9,8^32421 

9*853  "79 
9,8529936 

9,8528^93 

9,8527449 
9,8526204 
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9,8522466 

9,8521218 

9.8519970 
9,8518721 
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9,8512465 

9,8511211 
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9,8453450 
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9.^98637 
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9>993<^832 
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Difference  gS:  LATITUDEj 
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D  E  PAR  T  U  R  E 
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1,11348,9124 
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7»853o|«iS2^5M346 
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7^6555  ^»3  238.6125 


1*2155 

''3357 
1,36567,8463 
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1, 7*09 
1,8117 

>9295 
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